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Method of Test for
MOISTURE - DENSITY RELATIONSHIPS
DOTD Designation: TR 418-98

ENGLISH VERSION

INTRODUCTION

These methods of test are designed to determine the relationship between the moisture content
of the materials listed below and the resulting maximum dry weight density when the material is
compacted in the laboratory as specified in this procedure.

These procedures are also applicable to previously stabilized or treated materials and existing
materials, including materials contammg asphaltic particles or particles of other surfacing, which are to
be treated or stabilized. ’

Record and calculate values in these procedures to the same degree of accuracy shown in the
example on the Laboratory Moisture-Density Relationship Worksheet for the applicable procedure.

Al materials, except for shell, sand-shell, sand for use in sand-shell, and those containing reclaimed
asphaltic concrete or previously stabilized or treated base course, shall be prepared in accordance with
DOTD TR 411 and the appropriate method of test. Sand and shell shall be prepared in accordance with
DOTD TR 418, Methods C or D. Materials containing reclaimed asphaltic concrete or previously
stabilized or treated base course shall be prepared in accordance with DOTD TR 418, Methods H or I.
Prior to the determination of maximum dry weight density and optimum moisture content, all materials
shall be classified in accordance with DOTD TR 423, except for shell, sand-shell, materials containing
reclaimed asphaltlc concrete, recycled portland cement concrete, or previously stabilized or treated base
course.

TABLE OF METHODS

1. Method A - Soils or soil-aggregate mixtures with less than 5% by dry weight of

: aggregate retained on a No. 4 sieve into which no additives are to be
incorporated.

2. ' Method B - Soils or soil-aggregate mixtures with less than 5% by dry weight of

aggregate retained on a No. 4 sieve into which cement, lime or other
approved dry additives are to be incorporated.

3.. Method C - Shell or sand-shell into which no additives are to be incorporated.

4, MethodD - Shell or sand-shell into which cement is to be incorporated.

5. MethodE - Soil-aggregate mixtures with 5% or more by dry weight of aggregate

- : retained on a No. 4 sieve into which no additives are to be incorporated.

6.  Method F - Soil-aggregate mixtures, all having 5% or more by dry weight of aggregate
retained on a No. 4 sieve into which cement, lime or other approved dry
additives are to be incorporated.

7. Method G - Designated materials, including stone, slag, or recycled portiand cement
concrete.

8. " MethodH - Recycled in-place material - specifically designed for existing materials

containing asphaltic materials, hydraulic cement, lime, or other stabilizers or
surfacings which are to be used as soil or soil-aggregate mixtures.

9. Methodl - Recycled in-place material to be cement stabilized or treated, or lime treated
or conditioned - specifically designed for existing materials containing
asphaltic materials, hydraulic cement, lime, or other stabilizers or surfacings
which are to be used as soil or soil-aggregate mixtures.
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11.
12,

DOTD TR 108,
DOTD TR 112,
DOTD TR 113,
DOTD TR 403,

DOTD TR 407,
DOTD TR 411,
DOTD TR 415,

DOTD TR 416,

DOTD TR 417,
DOTD TR 423,

DOTD TR 428,

' REFERENCE PROCEDURES

Spllttlng and Quarterlng Samples.

Amount of Material Finer than No. 200 Sieve in Aggregate

Sieve Analysis of Fine and Coarse Aggregates.

Determination of Moisture Content..

Mechanical Analysis of Soils.

Dry Preparation of Disturbed Samples for Test.

Field Moisture - Density Relationships.

Determination of the Percentage of lee for Treatment of Soils or SonI-Aggregate
Mixtures

The Mixing Loss of Aggregate Material. -

Classification of Soils and Sonl-Aggregate Mixtures for Highway Construction
Purposes.

Determining the ‘Atterberg Limits of Soils. ‘

DOTD TR 432, Determining the Minimum Cement Content for Soil Cement Stabilization.

DEFINITIONS

For the purposes of this test procedure, the following definitions will apply:

.1‘.

Aggregate.

Additive

Composite

Gravel
Recycled
In-place
Materials

Recycled PCC

Sand

Shell
Siliceous
Slag
Stone

Sail

Soil-
Aggregate

» allowed for incorporation into the soil fraction.

a naturally occurring or manufactured material, retained on a No. 10 sieve
For testing purposes,
previously stabilized or treated materials and existing materials, including
materials containing asphaltic particles or particles of other surfacing which are
retained on the No. 10 sieve shall be considered as aggregate.

an approved cement, lime or other approved additive incorporated dry into the-

soil, soil-aggregate mixture, shell or sand-shell mixture for stabilization or
treatment. When approved liquid additives or slurries are to be incorporated,
the testing method shall be determined by the DOTD Materials Engineer

Administrator. .
a blend of two or more samples representing materials with closely similar

characteristics.
naturally rounded, siliceous aggregate

soil or soil-aggregate mixtures which are not naturally dccurring, containing

asphaltic material, hydraulic cement, lime, or other stabilizers or surfacings
excluding portland cement concrete, which exist in-place and are to be
reprocessed. ‘

a crushed, graded portland cement concrete prequalified in accordance with
DOTD specifications. :

-a material approved for use as sand.

approved clam or reef shell.

a material composed of silica dioxide.

a material approved for use as slag.

a material approved for use as stone.

naturally occurring sand, silt or clay which passes the No. 10 sieve.
a mixture of soil and aggregate.
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~ MATERIAL COMPOSITES

~

When a number of similar samples are. submltted from-a specnflc area, mstead of developing an individual
curve for each sample, a composite may be created and a single curve developed. A composite may consist only-
of soil or soil-aggregate mixtures which exhibit similar charactenstlcs of geological formatlon, color, unlformuty,-

weathering, origin, and engineering properties.
' To be grouped into a composnte, all mdlvudual samples must meet all of the: followmg condntlons

1,
2.

Materials whlch meet these critena may be composited. Composites shall be thoroughly blended.

‘The aggregate or aggregate-mixture must be the same typel(s). '
The total percentage of material retained on the No. 10 sieve must not vary more than

+5%. The percentage of material retained on the No. 10 and any mduv:dual sieve larger
than the No. 10 sieve must not vary more than £5%.
The soil types, based on the matenal passing the No. 10 sieve in accordance Wlth DOTD
TR 423, of individual samples to be incorporated into a composite must be identical.
The A-Groups, determined in accordance with DOTD TR 423, of mduvndual 'samples to be -
incorporated into a composate must be ldentlcal

represen‘tative portion will be obtained from the composite for testing purposes.

A
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ENGLISH VERSION
- METHOD A

l..  Scope

This method of test is designed to determine the
optimum moisture content and maximum dry weight
density -of soils or soil-aggregates with less than 5%
aggregate by dry weight retained on a No. 4 sieve, into
which no additives are to be incorporated, when the
material is compacted in the laboratory in accordance
with this procedure. For soils or soil-aggregates with
5% or more aggregate retained on the No. 4 sieve,
refer to DOTD TR 418, Method E.

Note A-1: It is permissible to determine moisture-

density relationships of field conditioned

material in accordance with - the
applicable method of DOTD TR 415.

Il.. Apparatus

A. Mold ‘

1. - - A cylindrical metal mold, having a capacity
of 1/30 ft, manufactured with an internal
diameter of 4.000+0.016 in. and a height
of 4.584 +£0.005 in., and with a detachable
collar approximately 2.5 in. in height, which
can be fastened firmly to a base plate.

2. Molds shall be repiaced if any diameter is
more than 4.024 in. or the height is less
than 4.550 in. at any point,

Different makes of compactive devices
may use mold base plates of different
designs. The mold base plate must be
compatible with the make of compactive
device used.

Note A-2:

B. Compactive device
1. Automatic Rammer
a. A metal 5.50+0.05 Ib rammer, with a

striking face that is a 3.1416 sq in .

--sector face for use with a 4 in. inside
diameter mold and arranged to control
the height of drop to 12.00+0.06 in.

b. Alternate - a metal 5.50+£0.05 Ib
rammer, with a striking face that is a
3.1416 sq in sector face for use with a
4 in. inside diameter moid and arranged
to control the height of drop to 18.00
+0.06 in. . :
2. Manual Rammer - ametal 5.50+0.05 b

rammer with a circular striking face .with a
-diameter of 2.00+0.01 in. and arranged to
control the height of drop t0.12.00£0.06 in.

C. Compaction block - a stable block or pedestal
composed of portland cement concrete weighing
a minimum of 200 Ib. .

D. Straightedge - steel straightedge, approximately

- 12 in. long.

E. Scale - a scale of 20 Ib or more capacity,
sensitive to 0.01 1b. ,

F.. Sieve - a. No. 4 sieve conforming to the
requirements of the Standard Specification for
Wire Cioth Sieves for Testing Purposes (AASHTO
Designation: M 92). '

G. Tools

: 1. Mixing pans with appropriate covers.

2. Spoons.

3. Pointed trowel. v

4, Spatula or large suitable mechanical device for

thoroughly mixing the soil with water.
- B, Large screwdriver to remove material from
~ mold. ’ . ‘

6. Ruler or Height Gauge - accurate to 0.01 in.

Graduated cylinder - incremented in mL.

Wax paper.

Engineer's Curve - Alvin 1010-21 or equivalent.

.. Laboratory Moisture-Density Worksheet, Methods
A & B - DOTD Form No. 03-22-4194. (Figure A-
1) .
L. Laboratory Compaction Report - DOTD Form No.
03-22-4165. (Figure A-2)
M. Soils/Soil-Aggregate Form - DOTD Form No. 03-
 22-0723. (Figure A-3) '

AL~ I

Note A-3: It is convenient, but not essential, to have
a mechanical  -device for removing the
compacted soil from the mold. . Such a
device may consist of a closed cylindrical
sleeve slightly less than 4.0 in. in diameter
or a piston of the same diameter, actuated
mechanically, - hydraulically or by  air
pressure.

1l Test Sampl_e

Obtain a representative portion, weighing a minimum
of 10 Ib, of the dried prepared material passing the No.
4 sieve from a minimum 30 Ib sample (1 full sample
sack).



IV. Procedure

A.

B.

Note A-4:

Record the weight of the representative
portion as D on the worksheet.
Add a quantity of water, measured in mL,

- sufficient to make the soil slightly damp. Mix

thoroughly. Record the quantity of water as G
for the first point on the worksheet

-palm of the hand.
correct moisture content, it will form a
cake which will bear very careful handling
without breaking.

. Pass the damp representatlve portlon through

a No. 4 sieve.

Cover the representative portion to which
water has been added, protect it so that the
moisture content remains constant, then allow

it to slake for a minimum of thirty minutes. -

Remix thoroughly at the end of the slaking
period. Recover the representative portion.
Compact the test specimen usmg an approved
rammer,

1. If mold requires an attachable base plate,

attach base plate. Weigh mold and base ‘

plate and record as | on the worksheet.
2. 'When using a mold without an attachable

base plate, place wax paper on . the

compactor base.. Weigh the mold and

record the weight as | on the worksheet.

Place the mold over the wax paper and

secure the mold to the compactor base.
3.. Attach collar to mold.

4. Uncover the representatlve portion and

remix.

5. Place a quantity of the representative
portion into the mold in an even fayer that
will vield slightly more than 1/3 the
volume of the mold after compaction.
Recover the representative portion.

6. Use a pointed trowel to rearrange
particles, filling voids in the loose material
without compacting the material, to a
uniform lift thickness.

7. Rest the rammer on top of the layer to be
compacted. Compact the layer using 25
blows with the 5.50 |Ib rammer from a 12-
in. drop (alternate - 17 blows from an 18-
in. drop).

8. Note height of compacted material. If

compacted layer is not 1/3 the height of

the mold, . correct for any deviation by
adjusting the quantity of material used for

Check the mixture by squeezing it in the :
If the mixture is the

11.

12.

18,

14.
15.
16.

17.

18.

19.
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the subsequent Iayer
Repeat Steps IV.E.4 - 8 for two more Iayers .

. After the third layer has been compacted,
remove the mold, base plate (if applicable), -

and compacted specimen from the automatic
rammer and place in a pan.

~Tap the collar with the straaghtedge to loosen

material bond and remove the collar from. the
mold, without twisting or causing shear stress

- to the molded specimen.

Note the height of the compacted test
specimen.

- a... If the compacted material is greater than

0.25 in. above the height of the mold,

remove all material from the mold, remix it -

with the original representative portion and
repeat the test.

b. If the compacted material is below the rim
of the mold, remove all material from the
mold, “remix it- with the  original
representative portion and repeat the test.

Keeping the mold, base plate (if applicable),
and specimen in the pan, trim the specimen
even with the top of the mold, using the
straightedge. Fill any depressions with the
trimmed material. After the depressions are
filled, smooth with the straightedge even with
the top of the mold.
Brush material from all outside surfaces of
mold, and exposed edges of base plate or wax
paper. -
Remove wax paper (if appllcable) and brush
fines from the wax paper-onto top of test
specimen. Take care not to lose any fines
from test specimen.
Weigh mold, base plate (if appllcable), and
compacted test specimen and record weight
as H on the worksheet. ,
Remove the base plate, if applicable. Remove
material from . the mold. Obtain a
representative test specimen of approximately
500 g from the center of the compacted
material and determine the moisture content in
accordance with DOTD TR 403, Method B.
Pass the remaining material from the mold
through a No. 4 sieve and recombine it with
the remaining representative portion.
Add water to the recombined representative
portion -to increase its moisture content by
approximately 2% and mix thoroughly. (Refer ‘
to Step V.A. to determine the quantity of
water to be added.). Record the quantity of
water added in mL as G on the worksheet.
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20. Repeat steps IV.E.1 - 19,
repeating the procedure until there is a
substantial decrease in the wet weight of
the compacted material or the material
becomes too wet to compact

‘ -V Calculations

A. = Calculate the incremental quantity of water (G)

in mL to equal an approximately 2% increase

‘in the moisture content of the representative

portion by using the following formula. -
= (D x 9.072) - (10 x N)

where:

D = dry wt of representative portion, b~

N = the number of moisture content
samples removed from the 10 lb‘ ,
_ representative portion
9.072 =" a constant representing a conversion
- factor from Ib to mL for a 2 %
increment of water
10 = reduction of incremental water due
' to 500 g moisture content specimen
example:
D = 10.611b
N =1 :

G = (10.61 x 9.072) - (10 x 1) -

= 96.25 - 10
G = 86 L
Note A-5: 1 g of water = 1 cc of water 7 mL of

water.

B. = Calculate wet weight of compacted soil (J) in
Ibin the mold for each moisture content by
using the following formula.

J=H-I
‘where:
~ H = wt of mold, base plate (if applicable) and
compacted wet soil, b
I = wtof mold and base plate (if apphcable), Ib

example:
 H= 13.15 Ib
I =9.251b

' Continue

., where:

J=1315-925
J = 3.90

Calculate wet weight density (WWD) in Ib/#t* for
each moisture content by using the followmg

» formula

_WWDH,='J x 30

- J wet wt of compacted soil, Ib
30 = a - constant representing  the
reclprocal of the volume  of the

mold, ft3
example:
J = 3.900b
" WWD = 3.90 x 30
~ WWD - 117.0

‘ | Calculate the weight of water (WW) in g and the
weight of dry material (DW) in g for each
moisture content by using the following fcrmulas.

WW=K-L and DW=L-M

where: ‘ :
K = wtof cup and wet material, g
L. = wtof cup and dry material, g
- M = wtofcup, g
examples:
K = 586.0¢g
L = 5335¢g
M = 475g¢g

DW = 533.5 - 47.5
DW = 486.0

WW. = 586.0 - 533.5
- and
WW = 525

For each increment of water added, calculate the
moisture content (MC) in % of the material to the
nearest 0.1 percent by usmg the followmg
formula :

Mc = (YY) & 100
DW



where:.
WW = wtof water, g
DW - = wt of dry material, g
example:
‘DW= 486.0g
MC = (22 x 100
486.0 .

= 0.10802 x 100
MC = 10.8

F. Calculate the dry weight density (DWD) in Ib/ft3

for each moisture content using the following

formula. »
pwD = MWD+ 100
100 + MC
where: R
WWD = wet weight density, Ib/ft®
MC = - moisture content, %
example: ,
WWD = 117.0 Ib/ft3
MC = 10.8 %
WD = 1170 400
~ 100 + 10.8

= 1.05595 x 100
DWD = 105.6

Beginning with the lowest moisture content,
plot a point on the Laboratory Compaction

Report, representing the intersection of a R

horizontal:line projected from the wet weight
density and -a vertical line projected  from
the moisture content. = Continue for each
moisture content. until all points for wet

weight densities have been plotted. Repeat

the process for each moisture content,
substituting dry weight densities  for wet
welght densities.

- DOTD TR 418-98
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H Form a smooth Ime using the engineer's curve by
-connecting the plotted points to form two curves,

Wet Weight Density vs. Moisture Content and

- Dry Weight Density vs. Moisture Content. (Refer

to the Laboratory Compaction Report.) As close
as possible to the intersection, round the peak to

- form a smooth continuous line.

“Note A-6:  If after the results have been plotted, there

is not @ minimum of three points on the dry
side and two points on the wet side of
optimum,  additional testing must be
performed until this minimum is met. If a
smooth curve cannot be drawn, additional
testing may be required.

Determine the Optimum Moisture Content (%).
The Optimum Moisture Content is the moisture
content corresponding to the peak: of the Dry
Weight Density Curve.

Determine the Maximum Dry Weight Density.
The Maximum Dry Weight Density is the dry

» - weight. density of the soil at the optimum
- moisture content.

. VI, Report |

AL Report the Maximum Dry Weight Density and

Optimum Moisture Content on the Laboratory
Compaction  Report and on . the Soils/Soil-

| Aggregate Form to the nearest 0.1 Ib/ft° and 0.1

percent, respectrvely

. From DOTD TR 407 and TR 423, report the

following on the Laboratory Compaction Report
and on the Soils/Soil-Aggregate Form.

1. Grain size distribution

2. Atterberg Limits

3. Soil group

4. Group index

5.~ Classification

Report the DOTD TR 418 method used on the
Soils/Soil-Aggregate Form and on the Laboratory
Compaction Report.

VII. Normal Test Reporting Time

Normal test reporting time is 3 days.
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PROJECTNO: - 994- 99- 0099

(English)

*TYPE ADDITIVE:

DATE: /2719 (o7

LOUISIANA DEPARTMENT OF TRANSPORTATION AND DEVELOPMENT

LABORATORY MOISTURE - DENSITY RELATIONSHIP
DOTD TR 418 - Methods(® & B

_ TESTEDBY: B-Q, Z.5.

CHECKED BY: 3 Bw

DOTD 03-22-4194
English
Rev. 4/98

LAB NO: _oZ2- 999999

TYPE soiL: CLAY LOAM SAMPLENO: S~/

“MAX. DRY DENSITY OF SOIL (__ TR418-A, __ TR 415-A), Ibt® A
"REQUIRED % BY VOL. OF ADDITIVE (__ TR 432-A, —_TR4328, __ TR 416, _ specified) | B
*% WT. OF ADDITIVE ( ____ chart, ____formula) ¢
DRY WT. OF SOIL (Representative portion), Ib D 10.6/
*WT. OF ADDITIVE TO BE ADDED, Ib E| (CxD)~100
*TOTAL DRY WT. OF SOIL AND ADDITIVE, b F D+E
* FOR USE WITH DOTD TR 418, METHOD B ONLY.
CURVE POINT NO. e 1 2 3 4 5 s
MOISTURE CUP NO. - 7 A 49 3o 31
WATER ADDED, mL G__| SeeCalculations {920 e 76 b | 5&
WT. MOLD, BASE (if appl.) & WET SOIL, Ib H , /3. 22 | 13. 45| 13. 47| £3.36
WT. MOLD & BASE (if applicable), b I 225 | 925" | 9-85 | 9.3.5°| F.R5
WT. WET COMPACTED SOIL, b J H-1 3.90 | 403 | R0 %22 411
WT. OF CUP & WET SOIL, g K 6.0 | 5878 |eohdlGort.8 | 6ie.9
WT. OF CUP & DRY SOIL, g L. $52%.57| 5320.2 |52 7 | 506.8
WT. OF WATER, g ww K-L =3 &t.3 | 724 | 796 | Dot
WT. OF CUP & DRY SOIL, g L S| SW. 51 530.8 | SRI.7 | SRG-
WT. OF CUP, g M Y75 | 425 | 47.6 | 476 | 475
WT. OF DRY SOIL, g ow L-M Y56.0_|479.0 | 4822 | 4RI | 4793
3
WET DENSITY, ib/t WWD Jx30
MOISTURE CONTENT, % M 100
0ISTU NTENT, % c (ANWIDW) x 0.2 g szt | o0 | 192
3 WWD :
DRY DENSITY, Ib/ft DwWD « 100
o - e 1056 | 1072 | 1094 1084 o3 .8

REMARKS:

Laboratory Moisture - Density Relationship Worksheet (03-22-4194)

Figure A-1 - (Eng

lish)
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' DOTD 03-22-4165
LAB COMPACTION REPORT - DOTD TR 418 METHOD 4 Metric / English
Rev, 3/98
Project No.999- 99- ap¢9 station S.No. /  LabNo. 22- 999997 —
COMPACTION REPORT — : e
/28 % Ret. 25.0 mm (1) =
Ret. 19.0 mm (3/4) ' ' -
% Ret. 12.5 mm (1/2) =aE ==|| _WET DENSITY _[=
%Ret.4.75um {4) T : - oyt * + :
/26 |% Ret. 2.00um (10) 5 ' ’
% Ret. 425 m (40) / ;. X
% Ret. 75 4m  (200) ~ZZ3 £ ==
% siit 24 e : =t == SiEE
1Z 4 | % Ciay & Colloids 2L = : ====x=x -
% Pass 2.00 ym {10} >, r >
% Pass 4.75 um (40) 7 —F — T T
/2.2 |% Pass 75 um (200 -2 :
% Sand {Tot. Material) £ rr e
% Unadjusted Silt 5 , e
% Unadjusted Sand - e =
120 |% Unadjusted Clay £
IATTERBERG LIMITS —F . : -
Liquid Limit -z - . v saaiaa: 2
,18 Plastic Limit éf 4;'— T - - : = s
Plasticity index ? : > - S e —
Sail Group A-  <f- '
/ /é Group index 5
: Classification __('lay Lo
/14 | soormive, % = : = = ,
MAX. DENS. kg/m® (Ib/#t®]_/70.0 E - e = ==
OPT. MOISTURE, % 76.0 : e
11D Ex —— ———— : AR —=
+ . — e sk ool '~\‘
108 t : = ;“‘fﬁg =5
106 . = =
t T - r
=
/o4 : & : o
0z = = — == =
: = : ‘ [ ORY DENSITY _|=
/o0 = = —
THIS CURVE MAY BE USED =
FOR SOILS REPRESENTED : - '
BY SAMPLES:
: : | DATE: 5/18/98
- MOISTURE CONTENT - PERCENT OF DRY WEIGHT

o 12 4 1. 18 Do

Laboratory Compaction Report (03-22-4165)
Flgure A-2 - (English)
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{ MATT MENU SELECTION - 14 | Louisiana Department of Transportation and Development DOTD 03220723
SOILS/SOIL-AGGREGATE Rev. 7/98

Metric / English £ (M or £ - Located on MATT Menu)

Lab. No. K4&1°1919191919 9

Plasticity Index (TR 428)

<

ProjectNo. ' - (91919(-19191 'loLOIQﬁI Material Code 41011 |
Date Sampled I_IQJ_LQLLI_.IQ_LZI Submitted By  LO01919 Quantity L1 1 1 1|
Purp. Code - |7 PitNo. L.t [ 1 } ' Spec Code 31
Date Tested /101 1119 -1 7 dent. 1S)=f11 1 | | Parish No.  LLL7ZI
From Station [ 1.1 ! 1+ 1 | | To Station (11 | 1+ L 1 11| - Location L L1 1 1) | L]
Hole No. Depth, m¢o LL te1 1 | | J le1 1 ) lLog Distance, km (mi L1 181 1 I |
ftem No. L N O T T O O Y O Sampled by: ]
Remarks 1 I Y S T G A e O A O I O
I T O S Y N s I O A O O I O O A A D |
Hydrometer Analysis (DOTD TR 407) |Graduate No.____ | Dry Mass of Sample (W), g (1=50.0, 2=100.0) __;
T & mod ) T c (h) () ) Cmgted % Finer Effect. Grain Size
ime aps: ‘amp* Hydro Readi Correcti eading
Time | {0.5° increments) (o.%di':a:;um) (0.5 increments) | H = h-C P -:,- * 100 D-x J;‘:
60 Minutes Ll Jet | Ll st 1 L1 IOI |
T20Minutes | | | le) | Lt det i lel ]
Size Mass Retained (wx) % (DOTD TR 407) °
Mass Cup + Soil, g LL_L J® | Gram % Ret. 25.0 mm (1)
Cup No. : " [I% Ret. 19.0 mm (3/4)
Mass Cup,’g Ll tet | Total Mass, g LL1J1L) % Ret. 12.5 mm (1/2)
Mass Soil, g 25.0mm (1) Lo g1l % Ret. 4.75 ym (4)
‘ 19.0mm (3/4) LL L1 % Ret. 2.00 zm {10)
ass Cup + Sail, g Ll L tet ) " et. 75 ym
Cup No, 475 m (4 - a1y % Silt
Mass Cup, g Ll et | 200um (10) Ll L1 1 % Clay & Colloids
M- .ss Soil, g 425 um (40) % Pass 2.00 um (10) _ /00 I
75 4m - (200) % Pass 4.75 ym (40)
BETAINED ON 75 um (200) 1 % site % Pass 75 um (200}
Mass Cup + Soil, g Lol ey ) 9% Clay & Colloids T {|% Sand (Tot. Matenal)___L_
Cup No , Y ~————— 1% Unadjusted Silt
Mass Cup, g LList | Pass 4.75 um r4) % Unadjusted Sand
Mass Soil, 9 Pass 2.00 ym (#10) % Unadjusted Clay
LIQUID LIMIT % Organic Matter (TR 413) :
No. Blows ‘Liquid Limit (TR 428)

12101
. Mass Cup + Wat Soil, g k£ ¢ 157
Mass Cup + Dry Soil, g IilQL_EE!

Mass Water, g

Natural Moisture Content, %(TR 403}
Optimum Moisture Content, % (TR 418)

Lt
LA
Liplel Dl
WillQeld
1Al

L et}

Ezc;?\:o Q. Maximum Density, kg/m° (Ib/#t°) (TR 418)
Mass Cup_J—-, g L leiO Laboratory Compaction Method (TR 418)
Mass pry Soil, g K0.4- % Cement (TR 432 or Plans)-
% Moisture R0 % Lime (TR 418) i
% Fly Ash LLJ
ELASTIC LIMIT % Other (Additive) Material Code [ 1 | | Percent | | _le| |
Mass Cup + Wet Soil, g 3112 12] . v
Mass Cup + Dry Soil, g K18 1e (& || Soil Group (TR 423) :éfé_;ﬁio_
Mass Water, g Classification (TR 423} am
Cup No. /78 pH (TR 430) Ll el |
Mass Cup, g Lt 1ot | Resistivity, chm.cm (TR 429) N T
Mass Dry Soil, g AR B Classification Prefix (TR 423) ~ (G=Siiceous Aggr. - N=Non-Slliceous SmShel) LI
% Moisture 1& 3 (Required only if +2.00 mm (No.10, g} material equais or exceeds 5%)
Remarksz.llllll|||l|||[l|||lllllllll
T o T 5 N OSSO O O O I I S e R T T
Tested By: - B.D. T..5. Checked By:  _TBW APPROVED BY:
Date: 0libla Date: . lolaolan DATE:

So:ls/Soul-Aggregate Form (03- 22-0723)

Flgure A 3 (Engllsh)
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DOTD Designation: TR 418-98
ENGLISH VERSION

METHOD B

I Scope

This method of test is designed to determine the optimum
moisture content and maximum dry weight density of soil
cement, lime treated or conditioned soil cement, cement
treated or lime treated soils, all containing less than 5%

aggregate by dry weight retained on a No. 4 sieve, when

the material is compacted in the laboratory in accordance
with this procedure. When these materials contain 5% or
more aggregate by dry weight retained on a No. 4 sreve,
refer to DOTD TR 418, Method F

Note B-1: It is permissible to determine moisture-density
relationships of field conditioned material in
accordance with the applicable method of
DOTD TR 415. For field conditioned material

"~ which requires the addition of additives, TR
415 Method B can be used in the laboratory to
determine moisture-density relationships of the
material and additive combination only if the
required amount of additive is known; however,
for field conditioned material brought into the
laboratory for the purpose of determining the
required amount of additive, it is not
permissible to use Method B of TR 415.

. Apparatus

A. . Same as DOTD TR 418 Method A.
B. » Cement or lime.

Note B-2: Cement shall meet DOTD specifications for
Type IB. For Type IB cement, a unit weight of
94 Ib/ft? shall be used. ‘

When Type It or Type IP cement is used on the
project, it shall be used in lieu of Type IB to
determine the report values for this method of
test. Type Il and Type IP cement shall meet
DOTD specifications. For Type IP cement, a

unit weight of 90 Ib/ft° shall be used. For Type-

Il cement, a unit we/ght of 94 Ib/ft? shall be
used.

Lime -shall- meet DOTD specifications for

hydrated lime. A unit we/ght of 35 Ib/ft° sha//.

be used.

C. Personal protective equipment
1. ‘Respirator.
- 2. Gloves,

3. Apron.
4. Goggles. - '
D.". Laboratory Mousture-Denslty Worksheet,.
- 'Methods A & B - DOTD Form No. 03-22-
4194, (Figure B-1)
Additive Conversion Chart.: (Frgure B-2})-
Laboratory Compaction Report - DOTD Form
No. 03-22-4165. (Figure B-3) v '
G. - Soils/Sail-Aggregate Form - DOTD Form No.
03-22-0723. (Figure B-4)

E.
F.

lll.  Test Sample |

-Obtain a representative sarhple weighing . a
minimum of 30 Ib (one full sample sack of material).

. Health Precautions

Care must be taken not to allow cement or lime to
contact skin or to inhale its reaction fumes.

V. Procedure

A Preparatlon

1. Determine the maximum dry weight density
of the soil using one of the following
methods and record as A on the worksheet.
a. DOTD TR 418, Method A.

~b. DOTD TR 415, Method A."

2. Determine the percent by volume of cement
in- accordance with DOTD TR 432 or the
percent of lime in accordance with DOTD TR
416 or use the percent specified. Record as
B on the worksheet.

3. Convert percent by volume to percent by
weight and record as C on the worksheet.
(Refer to Step VI.A or B for weight - volume
conversion calculations.)

4. Prepare - & minimum of - five 6-pound
representative portions from the test sample.

B. Testing

1. Calculate the weight of additive to be added
to the representative portion in accordance
with Step VI.C and record as E on the
worksheet.

2. Add the required weight of the additive,
determined  in° Step - V.B.1, to. each -
-representative portion.

3 Add a sufflcrent quantrty of water, measured ,
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Note B-3:

4,

"in mL, to make the 6-lb representative portion to

be used for the first point slightly damp.: Mix
thoroughly. 'Record the quantity of water as G
for the first point on the worksheet. :

Check the mixture by squeezing it in the
palm of the hand. If the mixture is the
correct moisture content, it will form a cake
which - will . bear -very. careful handl/ng
without break/ng

~Add and thoroughly mix - a quantity of water,

measured in mL, to each. remaining 6 Ib
representative portion to increase the moisture
content of each - representative portion by 2%
more than the moisture content of the previous
portion. = (Refer to Step VI.D). Record the
quantity of water added to each representative
portion as G on the worksheet.

. Cover the representative portions to which water

has been added, protect them so that the
moisture content remains constant, and allow
them to stand for a minimum of 30 min.

Remix the individual representative portions,

protect them so that the moisture content

remains constant, then allow them to slake as

follows.

a. Soil mixed wnth cement: The combined
standing and - slaking - time pius  the
compaction - time in -the laboratory shall
approximate the moist mixing time plus the
compaction time in the field. This time
shall be a minimum of 60 min and a
maximum of 90 min. _

b. Soil. ‘mixed with lime: The combined
standing and slaking time plus compaction
time in the laboratory shall approximate the
moist mixing time and mellowing time in
the field, but shall not be Iess than 15
hours.

c. When lime-conditioned soil is to be cement
treated or stabilized, mix the soil with the
lime and allow it to slake in accordance
with Step V.B.6.b. Then add the required
weight = of cement (determined ' in
accordance with Step V.B.1) to the soil-
lime mixture and allow the soil-lime-cement
mixture to slake in accordance with Step
V.B.6.a.

Determine the maximum dry weight density of

the soil and additive mixture.

a. Remix the slaked mixture thoroughly

b. Pass the slaked mixture through a No. 4

‘ sneve : ‘

VL.

EN % Compact the slaked mixture in accordance

with Method A, Steps IV.E. 1-17.

~d. Repeat Steps 7. a - ¢ for each 6-lb

representative portion, cleaning the mold
between each test specimen. Continue
repeating the procedure until there is a
substantial decrease in the wet weight of

. the compacted material or the material
becomes too wet to compact.

Calculations

A. Determination of percent of additive by weight by
: using the Additive Conversion Chart (Figure B-2).
This chart may be used for Type IB Portland
cement and hydrated lime.

1.

Enter the chart on the left scale. Reading
vertically, place a point at the appropriate

- maximum dry weight density of the soil-

aggregate mixture obtained in Step V.A.1.
Reenter the chart on the right scale. Reading

“vertically, place a point at the design percent
. by volume of additive.

Draw - a straight line across the chart
connecting the two points plotted in Steps 1
and 2.

Read the percent by welght directly from the
additive scale on the chart at the point where
the line drawn in Step 3. intersects the scale
for the additive being used. ‘

Record this value as C on the worksheet.
Example: Figure B-2

a. Type IB Cement

A = 110 lb/ft® -
B = 8% Type IB cement by volume

{1) Follow the left scale to the point
represented by 110 lb/ft3.

(2) Follow the right scale to the point
represented by 8% by volume.

(3) Draw a straight line across the scale,
connecting the two points.

(4} The percent cement by weight, read
dlrectly from the mlddle scale, is
7.3%.

b. Lime

107 Ib/t3
6% hydrated lime, by volume

B

(1) Follow the left scale to the point
represented by 107 Io/ftS.

(2) Follow the right scale to the point
‘represented by 6% by volume.



B. ' In lieu of the charts or if values are not covered by
- the charts, determine the percent by welght of
addmve {C) usmg the following formula
C = (UB/100) >< 100
A = (UB/100)
(A/UB) - 0.01
‘where:
A = max. dry wt densxty of the soil, Ib/f'c3
B = % by volume of additive
U = unit weight of additive, Ib/ft3
100 =" constant
0.01" = constant
example: (Type IP Cement)
A = 110 Ib/ft?
B = 8% o
U = 90 b/t
o 1 ;
[110/(90 x 8)] - 0.01
o1
[0.1527] - 0.01
0.1427
CcC =70
Note B-4: = To achieve required accuracy after rounding,
carry to four decimal places, as shown.
C. Calculate the weight of additive (E) in Ib to be -

(3) Draw a straight line across the scale,
. connecting the two points. "

(4) The percent lime by weight, read

directly from the middle scale, is 2.0%.

incorporated into the representative portion of soil
using the following formula and record as-on the
worksheet.

CxD

E =
100
where S
C = % by wt of additive (from chart or formula) -
D: = dry wt of representatlve portlon, lb
100 =

R

constant

R Report
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example:.

7.3 %
6.001b

O
[}

E . 13 x 600
100

_ 43.8000
100

E =044

D. Calculate the quantity of water to be added to
each representative portion (G,) in mL to yield
‘a moisture content incremented by 2 percent
above that of the previous representative
portion by using the following formula.
G . *(9.072 x F)

- =
where
- Ghy = volume of water added to the previous
representative portion, mL
F = total wt of material and additive, Ib
9.072 = a constant representing a conversion
: . factor from b to mL for a 2%
mcrement of monsture
example:
Gpy = 207 mL
F =-6.441b

G, =207 +(9.072 x 6.44 )

= 207 + 58.42
G, = 265

Note B-5: 1 g of water = 1 cc of water = 1 mL of
water.

E. Perform all calcuiation steps . for the soil-
additive mixture in accordance with Method A,
Step V.B - J.

A. Report the Maximum Dry Weight Density and
“Optimum Moisture Content on the Laboratory
Compaction Report  and on. the. Soils/Sail-

Aggregate Form to the nearest 0.1 Ib/ft® and

0.1 percent, respectively.
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- B. Report the type and ‘percent by volume of : -4, Group Index
- additive to the nearest percent on the Laboratory . B. Classification .
-+ Compaction Report and the Sonls/SoaI Aggregate ’ o -
Form. VIII Normal Test Reportmg Time -
- C. From DOTD TR 407 and TR 423, report the
' following on the Laboratory Compaction Report = - Normal test reportmg time is 5 days
and on the Soils/Soil-Aggregate Form S, Note B-6: When percent cement is to be determined by
1. Grain size dlstnbuthn SRR : S - .DOTD TR 432, Method B or the percent lime

2, Atterberg Limits
3. Soil group-

by DOTD TR 416, normal testing and reporting -
time will be 3 weeks or 2 weeks, respectively.
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‘LOUISIANA DEPARTMENT OF TRANSPORTATION AND DEVELOPMENT

DOTD 03-22-4194
English

LABORATORY MOISTURE - DENSITY RELATIONSHIP Rev. 4/98
DOTD TR 418 - Methods A &) ,
(English)
PROJECTNO: 949- 99-0099 DATE: _(Z/29/97 LAB NO: _o22-999992

*TYPE ADDITIVE: Ty pe LB Cement TYPE SOIL: C'Iay Loam  SAMPLE NO S=y

TESTED BY: L. S, LN

CHECKED BY: _(.C.

*MAX. DRY DENSITY OF SOIL (__ TR 418-A, __ TR 415-A), Ib/t®

*REQUIRED % BY VOL. OF ADDITIVE (__ TR 432-A, —TR432.8, __ TR 416, __ specified)

*% WT. OF ADDITIVE ( ____ chant, —. formula)

DRY WT. OF SOIL (Representative portion), Ib DR 3
*WT. OF ADDITIVE TO BE ADDED, Ib el cxpyet00 | O.44F
*TOTAL DRY WT. OF SOIL AND ADDITIVE, Ib F D+& G ¥
* FOR USE WITH DOTD TR 418, METHOD B ONLY.
CURVE POINT NO. - 1 2 3 4 s 5
MOISTURE CUP NO. - 3 | 33 4 |35 | 36
WATER ADDED, mL G | see Calculations A6 1323 |32/ (439
WT. MOLD, BASE (if appl.) & WET SOIL, Ib H 18.0. /3.8 113.36 | £3.39 |13 A7
WT. MOLD & BASE (if applicable), Ib { S | 95| .25 | 9.5 | 9.5
WT. WET COMPACTED SOIL, b H-1 .83 | 5.9¢ | 411 |4 |4 | 4o
WT. OF CUP & WET SOIL, g K .0 15469 & | S840 | ST/ 4| STRS ]
WT. OF CUP & DRY SOIL, g L I W52 | I20.8 | IR, T |\SA6 W |
WT. OF WATER, g ww K-L s |43 S84 |S97 |es7
WT. OF CUP & DRY SOIL, g L I235 | 56,85 | 520.£ |S_Y, 7 |Sk¢e.£
WT. OF CUP, g M $rs |¥25 | 47.¢ | 470 | 475
WT. OF DRY SOIL, g ow L-M 48c.0 |479.0 a2 |47/ 1479.3
WET DENSITY, ib/2° ‘ WWD 0
Ix3 N9 |12.2 1123.3 llada |20
MOISTURE CONTENT, % MG (WW/DW) x 100 71 |l a0 /1 Q2.6 /3.7
DRY DENSITY, Ib/st® DWD 1_‘,3“_‘_:’%5 ~ 100
r07.3 (/090 .t 110.3 {10,/
REMARKES:

Laboratory Moisture - Density Relationship Worksheet (03-22-4194)
_Figure B-1 (English)
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" ADDITIVE  ADDITIVE

- MAXIMUM . . PERCENT °  PERCENT
' DRY WEIGHT DENSITY BY WEIGHT = BY VOLUME
"~ (lbs per cu ft) : 4l ' e

:_95 20 [} 4
E 19
: 8 18 ie
L T
:__IOO‘ e 19
- o _F '8 14
9 . e
108 I3 3
E : 12
:\ 7.3% Cement: g 12
- Additive by Weight
]
_\0\ ' : e
~
\\ w w
~ S w
. ~ o o
B O - 9
120 N > z
& = S :
o e '
\?:\ | . g \ ]
lz; S LY

2.0% Lime Additive 2

LAt MY RAALAR ML i A A A D B I M A A B0 Rl A A B

, by Weight : ?
130 : AN
138 . 6
1.8 .
. -
140
S
145

Note:  This chart is not éuitable for use
when Type IP Portland-Pozzolan
Cement is being used.

ADDITIVE CONVERSION CHART

RELATION IN PERCENT BY WEIGHT OF OVEN-DRY SOIL, SOIL AGGREGATE, OR
AGGREGATE TO DESIGN PERCENT BY VOLUME

Addiiive Conversion Chart
- Figure B-2 (English)
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LAB COMPACTION REPORT - DOTD TR 418 METHOD B8

Project No. 999-99-0099 Station

/728
b
124
/22

120

18
e
14
nz

/10

108 :

106
/o4
102

/00

1% Unadjusted Sand

S.No. /

DOTD 03-22-4165

Metric / English
Rev. 3/98

COMPACTION REPORT

GRAIN SIZE -
% Ret. 25.0 mm (1)

Lab No._22- 979999

% Ret. 19.0 mm (3/4)

% Ret. 12.5 mm (1/2)

H-2154 4]

Il

% Ret. 4.75 um (4)

% Ret. 2.00 um {10)

% Ret. 425 um (40) []

% Ret. 76 um . (200) L/ )

%. Silt 345

% Clay & Colloids

% Pass 2.00 ym ({10)

% Pass 4.75 um (40)

N

% Pass 75 ym (200) 59

% Sand (Tot. Material)

% Unadjusted Siit

% Unadjusted Clay

|ATTERBERG LIMITS
Liquid Limit 24}

Plastic Limit 1&

Plasticity index Q

Soil Group - A- £f

Group index I

N
NN

Classification _Cem, S+ab.
Loy Loam

ADDITIVE, %

8
MAX. DENS. kgim® (Ib/tt®]__112.2.
OPT. MOISTURE, % 1Z.1

-
1= I . "

LAFYEE

. ’. ]
"!"% | .

“DRY DENSITY |

ol - )

THIS CURVE MAY BE USED

FOR SOILS REPRESENTED

BY SAMPLES:

T : y. .

s 1

1 2 1

z| DATE: $/79/98

&

40

MOISTURE CONTENT - PERCENT OF DRY WEIGHT

"

”.

2 /¢

Laboratory Compaction Report (03-22-4165)

Figure B-3 (English)
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English ‘ ' - L : R : L
: B
[MATI‘ MENU SELECTION - 14 ' Louisiana Department of Transportation and Davelopment L DOTD 03-22-0723 ]
: : SOILS/SOIL-AGGREGATE " Rev.7/98 d
Metric / English |£] (M or & - Located on MATT Menu) R ,
ProjectNo.  1219191-19191-101019191 ° Material Code (24211 | Lab. No. 1&g -191999 019
Date Sampled /101710111 "1917) Submitted By 101019191 Quantity L L 1 | ||
Purp. Code |71 © 77 PitNo. LL_l_-1| - - SpecCode (3]
Date Tested - - 7 Ident. ISI=1 /1 ! 1| Parish No. ~ lL17]
From Station . L]t L J+ L 1.1 | To Station. Ll L [ J+L 1 1} location. 1 £ ¢ 1 1t 4.1 111
Hole No. Depth, mift) L 1ol 1 | L | Iel | | Log Distance, kmmip L_L_|®] | | ]
Item No. N G Y N RN WY 0 A O O | ‘ Sampled by: 3
Remarks 1 I O O O T S O N T O S N G IO N v O I T O O O O O T : f
I SN U N O N DO O N O O IO 1 I O P
Hydrometer Analysis (DOTD TR 407) |GraduateNo. ____ | Dry Mass of Sample (W}, g (1=50.0, 2=100.0) __ ) . o
T & (T) " o c (h) © Cﬂcsn%gtod % Finer Effect. Grain Size . [
ime apse: emp® H Readi cti eading
Time (0.5% increments) | (g, Vs".’.‘,’m'm.'n"&. (o.sc ?r:?r:!nl&?us) H=h-C P -:7 = 100 D ek E
60 Minutes Ll el | Ll st ! Ll el | -
120 Minutes Ll Jei | Ll lel | - L 1 el ¢ {
RETAINED ON 2.00 ym (10} Size . Mass Retained (wx) % {DOTD TR 407)
Mass Cup + Soil, g LLL1e1] : Gram ' % Ret.25.0mm(y ____ [
Cup No. ) . % Ret. 19.0 mm (3/4) s
Mass Cup, g~ Ll tel Total Mass, g LLLLI Ll % Ret. 12.5 mm (1/2)
Mass Sail, g 25.0 mm {1) RN % Ret. 4.75 um (4)
BEIAIgED.QNMM 128 mm iz ; 32:&.- ;gs un (;0(3) "
il, e N t. 75
'g:;s Noo . Soll- 9 ‘ e 475um (&) L1l wsit 2% —
Mass Cup, g Liler ) - 2.00pm {100 LLLILJ i % Clay & Colloids -~ __<A
Mass Soil, g 425 ym (40) s % Pass 2.00 ym w10y _J o0
75um _ (200) % Pass 4.75 um (40) __ 94 [
BETAINED ON 75 ym (200) % Silt % Pass 75 um (200) 5 [
Mass Cup + Soil, g i1 tey i % Clay & Colloids ———— 1% Sand (Tot. Material) 4 L
Cup No ' —meeee 1% Unadijusted Silt
Mass Cup, @ Lller ] . [ Pass 4.75m (sa) % Unadjusted Sand
Mass Sqil, g Pass 2.00 ym (110 % Unadjusted Clay
LIQUID LIMIT % Organic Matter (TR 413) (.
No. Blows . (IR Liquid Limit (TR 428) d:ﬁ
Mass Cup + Wet Soxl g Ll tel | Plasticity index (TR 428) _ & _ ;
Mass Cup + Dry Soil, g L_L_181_| ‘|l Naturai Moisture Content, % TR 403) Ll lel !
Mass Water, g Optimum Moisture Content, % éTR 418) WUiklel /]
écht?\:o P Maximum Density, kg/m® {Ib/ft") (TR 418) ULiLidle i
Mass Cup?g_—— Ll tel | Laboratory Compaction Method (TR 418) L&.l .
Mass Dry Soil, g e || % Cement (TR 432 or Plans) L 18le 10} {
% Moisture _ % Lime (TR 416) . LiJ o
% Fly Ash : . [
ELASTIC LIMIT % Other (Additive) Material Code [_!_I | Percent L L _lef |
th::: g:g I \évst:;:": L..I..J.._L_ll | I: || | Soil Group mRaz3i A-4(a) ‘ |
Mass Water, g Classification (TR 423) .Cl O
Cup No. pH (TR 430) . Ll _le! |
Mass Cup, g Ll Lol § | Resistivity, ohm-cm (TR 429) v L it ,
Mass Dry Soil, g — - |l Classification Prefix (TR 423) (G =Siliceous Aggr. . N=Non-Siliceous S=Shell . [_] |
% Moisture " (Required anly if +2.00 mm. {No. 10, g/ material equais or exceeds 5%) :
Remarks 2 A U N N O T O A O | N S O N N S TN OO O O O PO
I O IO O S Y Y | lv | T O T Y O T I O I S | . !
Tested By: 15’; ALH. Checked By: _G.C. APPROVED BY:
Date: 10128 /a1 - Date: nhja1 DATE:

-
Lo
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METHOD C

l. Scope |

This method of test is desngned to determine the |

optimum moisture content and maximum dry weight

density of shell or sand-shell when compacted in the
laboratory in accordance with this procedure.

Il. Apparatus

A. Mold

1. A cylindrical metal mold, havmg a capacity of
1/10 ft%, manufactured with an internal
diameter of 6.000+0.026 in. and a height of
6.100+0.016 in., and with a detachabie collar
approximately 3.5 in. in height, which can be
fastened firmly to a base plate. v

2. Molds shall be replaced if any diameter is more

than 6.039 in. or the height is less than 6.000 -

in. at any point.

Note C-1
use mold base plates of different designs. The
mold base plate must be compatible with the
make.of compactive device used.

B. Compactive device - automatic rammer with a

10.0£0.1 Ib rammer, with a striking face that is
a 3.1416 sq in sector face for use with a 6-in..

inside diameter mold and arranged to control the
height of drop to 18.0+0.06 in.

C. Compaction block - a stable block or pedestal .

- composed of portland cement concrete weighing
a minimum of 200 |b. '

D. Straightedge - steel stralghtedge approxnmately .

12 in. long.

E. Scale-a scale of 20 Ib or more capacity, sensitive

to 0.01 Ib.
F. Sieve - a 3/4 in. sieve, conforming to the

requirements of the Standard Specification for

Wire Cloth Sieves for Testing Purposes (AASHTO
Designation M 92).

G. Tools ‘

Mlxmg pans. with approprlate covers,

Spoons.

Pointed trowel.

Spatula or large suitable mechanical device for

thoroughly mixing material with water.

Pobh=

5. Large screwdriver to. .remove material from
molid.

6. Finishing tool. -

- 7. ,'Henght gauge dlal mlcrometer mcremented m

: Different makes of compactive devices méy'

0.001 in., accurate to 0.001 in., mounted on
a stand..
- H. Graduated cylinders - mcremented in rnL
" 1. Wax paper.
J. Engineer's Curve - Alvin 1010-21, or equivalent.
K. Power driven wedge crusher.
L. Laboratory Moisture - Density Worksheet,
~ Methods C & D - DOTD Form No. 03 22-4195,
- (Figure C-1) .
M. Laboratory Compaction Report - DOTD Form No.

03-22-4165. (Figure C-2) ,
N. Aggregate Test Report - DOTD Form No. 03-22-
0745. (Figure C-3)

Note C-2: It is convenient, but not essential, to have a
mechanical ~ device  for-. removing the
compacted material from the mold. Such a

- device may consist of a closed, cylindrical
sleeve slightly less than 6.0 in. in diameter or
a piston of the same diameter, actuated
mechanically, hydraulically or by air pressure.

HI. Test Sample

A. Obtain a representative sample, weighing 120 Ib

each (4 full sample sacks each) of shell and sand.

B. Dry entire sample of each  component in
.accordance with DOTD TR 411."

IV. Procedure

A. Preparation
' 1. Set crusher to produce 3/4 in. maximum size
material.
2. Crush entire dried shell sample, sieve and
recrush, until 95-100 percent of the material
passes a 3/4 in. sieve.

Note C-3: If sand is not to be mixed‘ with the shell,
" “proceed to Step 5.

3. If the material to be tested is a sand-shell
mixture, determine the "unit weight at point of
delivery” of each component  (sand and
crushed shell) in accordance wuth DOTD TR
417.

4, If the material to be tested is a sand-shel!

" mixture, determine the percent by weight of
"~ each component by using the specified
percent by volume. Refer to Step V.A.
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5. Prepare a minimum of five'15 Ib represeritative_

portions. ‘If the material is a sand-shell mixture,
combine the sand and shell in the proportions by
weight determined in “Step 4, and mix
thoroughly.

B. Testing

1.

mL, to make the 15 Ib representative portion to
be used for the first point slightly damp. Mix
thoroughly. Record the quantity of water added
as G for the first point on the worksheet.

. Add and thoroughly mix a quantity of water,

measured "in: mL, to each remaining 15 |b
representative portion to increase the moisture
content of each portion by 2% more than the

--moisture content of the previous portion. The

2% increment may be adjusted if necessary.
(Refer to Step V.B) Record the quantity of
water added as G for the remaining points on
the Moisture-Density Relationship Worksheet
Methods C and D.

. Cover the representative portions to which

water has been added, protect them so that the
moisture content remains constant, then allow
them to stand for a minimum. of 30 min. -Remix
and recover . the - individual - representative
portions. '
Compact test specimen.

“a. If mold requires an attachable base plate,

attach base plate.  Weigh mold and base
‘ plate and record as | on-the worksheet.

b. When using a mold without an attachable
base plate, place wax paper on compactor
base. Weigh mold and record as ! on the
worksheet. Place the mold over the wax
paper and secure to the compactor base.

c. Attach collar to mold.

d.. Uncover a representative portion and remix.

e. Place a quantity of this material into the
mold ‘in" an even layer that  will. vyieid
approximately 1/3 the volume of the mold
after - compaction. Recover - ‘the
representative portion.

f.  Use a pointed trowel to rearrange particles,
filling voids in the loose material without
compacting the material, to a uniform lift
thickness.

g. Rest the automatic rammer on top of the
layer to be compacted. Compact the layer
using 150 blows with the rammer.

_h. Note height of compacted material. If

compacted layer is not 1/3 the height of

the mold, correct for any deviation by

Add a sufficient quantity of water, measured in -

adjusting the quantvity of material used for‘ .

the subsequent fayer.

Repeat Steps IV.B.4.d- h for two more
layers."

After the third layer has been compacted,

remove the mold, base plate, if applicable,
~-and - compacted specimen  from the

automatic rammer and place in a pan.

Tap the collar with the straightedge to
loosen material bond and remove the collar
from the mold, without twisting or causing
shear stress to the molded specimen.

- " Note the height of the compacted test

specimen.

{1} If the compacted material is less than

5.75 in. in height or is more than 0.50

in. above the height of the mold, remove

all material from the mold, remix it with

the original representatlve portlon and
- repeat the test.

"~ (2) If the compacted material is k_above the

top of the mold, but not more than 0.50
in. above, proceed as follows: :
Keeping the mold, base . plate (if

“applicable}, and specimen in the pan,

trim the specimen even with the top of

the mold, using the steel straightedge.

Fill- any depressions with the fine,

trimmed material, smoothing each area

with the straightedge after it is filled.

Do not attempt to replace aggregates

that have been dislodged.

(3) If the compacted material is below the
top of the mold, but greater than 5.75
in. in height, proceed as follows:

(a) Place the finishing tool on the
compacted surface and rotate it
while tapping very lightly to smooth

. and level the surface. Do not impart
additional compactive effort to the
specimen.

{b) Determine the height of the
specimen- by measuring to ' the
nearest 0.001 in. at three locations
spaced equally .- around the
circumference, and averaging.

- (¢} Calculate the . volume of @ the

.~ specimen. in accordance with Step
V.C ‘and record as K on .the
worksheet.

. Brush material from all outside surfaces of

mold and exposed edges of base plate or
wax paper.
Remove wax paper (if appllcable) and brush




- fines from wax paper onto top of‘ test spevclmen

Take care not to lose any fines from test .

specimen.

- Weigh mold, base plate (if applicable), and
compacted test specimen and record as H on the -

. worksheet.

Remove the base plate (if applicable). Remove
test specimen from mold-and determine moisture
content by breaking up and drying the entire test
specimen in accordance with DOTD TR 403,
Method B. o

Repeat Steps lV.B.4.a-p for each 15 b
representative  portion, cleaning the mold
between each test specimen. Continue repeating

the procedure until there is-a substantial decrease

in the wet weight of the compacted material or
the material becomes too wet to compact.

- Calculations

f
cal

the material tested is a sand-shell mixture,
culate the percent by weight for each component

(sand (W,) and shell (W,)) using the following
formulas, and record on the Moisture-Density
Relationship Worksheet, Methods C and D.

S, XV, x 100
(Sy X Vi) + (8, x V)

=

S, X V, x 100
W, =
Sy x V) + (8§, x V,)
where »
S, = unit wt of sand at point of delivery (from
-DOTD TR 417), Ib/ft3
S, = unit wt of shell at point of delivery (from
: ‘DOTD TR 417), lb/ft3 :
V; = % by volume of sand (as specified) -
V, = % by volume of shell (as specified)
-example:
8, = 90.0 Ib/ft3 V, =35 %
S, = 60.0 Ib/ft®  V, =65 %

90.0 x 35 x 100
(90.0 x 35) + (60.0 x 65)

1 =

315000

~ 13150) + (3900)
= 44.680
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60.0 x 65 X 100
(900 X -35) + (600 X 65)

2

_ 390000
(3150) + (3900)

= 55.319
W, = 853

Calculate the quantity of water tc be added to
each representative ' portion (G, to vyield a

" moisture content incremented by 2 percent above

that of the previous representative portion by
using the following formula.

G,=6G,, +136
where:
Gp.q = volume of water added to the
- previous representative portion, mL
136 = a constant representing the volume
of water in mL required for a two
percent moisture content for a 15.00
pound representative portion
example: ' '
G,.q = 306 mL

G, = 306 + 136

G, = 442

Note C-4:1 g of water = 1 cc of water = 1 mL of water

C. Calculate the volume of the test specimen (K) in

ft* by using the following formula.
K =h x 0.01636

where:
~~ h = average height of test specimen, in.
0.01636 - = constant equal to the volume of a 6 in.
diameter mold, per in. of height, ft°
"~ example:
h = 5.903 in.

K = 5.903 x 0.01636
= 0.09657
K = 0.097
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where:

h = average height of test specimen, in;
0.01636 = constant equal to the volume of a 6 in.
i diameter mold, per in. of helght, ft3

example:
“h = 5.903in.
K =.5.903 x 0.01636
= 0.09657
K = 0.097

D. Calculate wet weight of compacted material in mold

{J) in Ib for each representative portion by using the -

following formuia and record on the worksheet.

fJ=Hf'l

'H = wt of mold and compacted wet matenal

" Ib
I = wt of mold, 1b

26.72 1b
14.17 b

J=2672 - 1417
"Jd=12.65
E. Calculate wet weight density (WWD) in Ib/ft3 for

each representative portion using the following
formuia and record on the worksheet.

wwp = J
K
where: .
J = wet wt of compacted material, |b
K = (1/10} a constant representing the volume
of the mold or the volume of the specimen
(if applicable) as calculated in Step C, ft°
example: ' '
J =12.551b

0.097 ft2

D . 1255
10.097
= 129.381

WWD = 120.4

_F._ Calculate the weight of dry material (DW) and the

weight of water (WW) in Ib for each moisture
.content by using the following formqlas.

DW =L -M and WW = J - DW

" where:
L .= wt of pan and dry material, Ib
M = wtofpan,lb R
“J = wet wt of compacted material, Ib
examples
L =.17.141b
M = 5.131Ib
J = 12.55Ib
DW = 17.14 -513 - COWW = 12.55 - 12.01
‘ ' and : '
WW = 0.54

‘DW =12.01

G. For each increment of water added, calculate the

moisture content (MC) in % of the material to the
nearest 0.1 percent by usmg the following
..vformula ‘ v

C =‘(_W_V!) x 100
" 'ow

whére:
WW .= wt of water, |b
DW  ="wt of dry material, Ib
example: .
WW = 0.54 Ib
DW = 12.011b
= (254, » 100
v 12.01
= 0.04496 x 100

MC = 45




H. Calculate the dry Weighf density (DWD)’for each S
representative portion in Ib/ft® using the following

formula and record on the worksheet.

(WWD) |

DWD = . % 100
: _ 100 + (MC) = - .
wheie-:
WWD = wet weight density, Ib/ft®
MC =% moisture content
100 = constant '

example:

WWD = 129.4 Ib/ft3
MC = 4.5 %
= 1294 . 400
(100 + 4.5) o
= 1.23827 x 100

DWD = 123.8

Beginning with the lowest moisture content, plot a
point .on the Laboratory Compaction ' Report,
representing - the. intersection of .a horizontal line

_projected from the wet weight density and a vertical -
_line projected from the moisture content. Continue

for each moisture content until all points for wet

weight densities have been plotted. . Repeat the

process for each moisture content, substituting dry
weight densities for wet weight densities.

Form a smooth line using the engineer's curve by
connecting the plotted points to ‘form two curves,

. Note

K
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Wet Weight Density Vs. Moisture Content and Dry
' Weight Density Vs. Moisture Content.. (Refer to
the Laboratory Compaction"Report.)

C-5: If after the results have been plotted, there is

- not @ minimumn of three points on the dry side -

- and two points on the wet side of optimum,

" additional testing must be performed until this

minimum is met. If a smooth curve cannot be
~drawn, additional testing may be required.

Determine the Optlmum Moisture Content (%) of
- the total material, which is the moisture content
vcorrespondnng to the peak of the dry welght

density curve. '

Determine the maximum dry weight density of the
~ total material, which is the weight corresponding
" to the peak of the Dry Weight Density Curve.

VL. Report

A.

Report the Maximum Dry Weight Density and
Optimum Moisture Content on the Laboratory

Compaction Report and the Aggregate Test Report:

to the nearest 0.1 Ib/ft* and 0.1 percent,
" respectively.

. Report the material type (shell or sand-shell) on

- the Laboratory Compaction Report.
. Report the DOTD TR 418 method used on the
Aggregate Test Report and on the Laboratory'

o _ Compactlon Report.

VIl. Normal Test Reporting Time

Normal test reporting time is 3 days.
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LOUISIANA DEPARTMENT OF TRANSPORTATION AND DEVELOPMENT DOTD 03-22-4195
) English
LABORATORY MOISTURE - DENSITY RELATIONSHIP Rev. 4/98
DOTD TR 418 - Methods(©)& D
(English) ;
PROJECT NO:  399-99- 0099 DATE: 0l/os/97 LAB NO: £22.-992997
*TYPE ADDITIVE: TvPE soil: Sand [Shel]  sAMPLENO: SS-6
TESTED BY: _R. 8. : CHECKED BY: _3-C.
SAND SHELL TOTAL
PERCENT BY VOLUME V=35 V.= o0& ] V, +V, = 100
UNIT WEIGHT, Ib/fe* S = 90,0 S: = %0.0 :
THEORETICAL UNIT WEIGHT OF MIX, b/t | S,V, = a7 o SV: = 30.0 SV, +SV: = 70, 5
PERCENT BY WEIGHT SAND-SHELL . W, = dd W= 545 3 W, +W, = 700. O
MIX WEIGHT OF SAND-SHELL, Ib_ W, x15) + 100 =6.70] W, x 151 + 100 =9.35 0 = 15.00
*MAX. DRY WT. DENSITY OF MATERIAL {From TR 418, Method C), Ib/ft’ A
*REQUIRED % BY VOL. OF ADDITIVE { ___ TR 432-B, __ specified) B
*% WT. OF ADDITIVE (___ chart, ___ formula) ¢
DRY WT. OF MATERIAL (Rap. portion) {___ Shell, __ Sand-Shell}, b 0 15.00
*WT. OF ADDITIVE TO BE ADDED, 1b E {CxD) - 100
*TOTAL DRY WT. OF MATERIAL AND ADDITIVE, Ib F D+E

* FOR USE WITH DOTD TR 418, METHOD D ONLY.

CURVE POINT NO.

PAN NO. (if applicable) 101 70

WATER ADDED, mL

14 _\gs0

WT, MOLD, BASE (if appl.} & WET MATL, Ib 27. 42l 37.23

WT. MOLD & BASE (if applicable), Ib 2L 17 14 17

WT. WET COMPACTED MATERIAL, b

VOLUME OF MOLD (or specimen), ft*

WT. OF PAN & DRY MATERIAL, Ib 1730 lé,qo

WT. OF PAN, Ib 514 | S R0
WT. OF DRY MATERIAL, Ib /a. /.70
WT. OF WATER, Ib YN BWIK 1A
WET DENSITY, b/ft®

1221 124 &
MOISTURE CONTENT, % MC - | (WW/DW ) x 100
45 el |22 9.6 |11.4
DRY DENSITY, Ib/ft3 DwWD WD, o0
] 100 « MC
/23.8 (258 UR7. 5" IS R | /30,
REMARKS:

Laboratory Moisture - Density Relationship Worksheet (03-22-4195)
Figure C-1 (English)
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. ' DOTD 03-22:4165
LAB COMPACTION REPORT - DOTD TR 418 METHOD fod Metric / English
- Rev. 3/98
Project No. PPP_ 99 499 Station S.No.SS-6 Lab No. Zz . 999999
COMPACTION REPORT = e ‘ . =
IGRAIN SIZE
% Ret. 25.0 mm (1) - = . : -
% Ret, 19.0 mm (3/4) ; z
% Ret. 12.5 mm (1/2) —=|| __WET DENSITY
% Ret. 4.75 yum (4) : ; : e
% Ret. 2.00 zm (10}
% Ret. 425 um (40) =E !
% Ret. 75 um (200} : t
% Silt i : =
% Clay & Colloids : = :
% Pass 2.00 um {10) : T =
% Pass 4.75 um (40) ' : ' : =
|4O % Pass 75 um (200} T
% Sand (Tot. Material) — ;
% Unadjusted Siit -~ : =
% Unadjusted Sand = o : :
|38‘ % Unadjusted Clay : o e - e : . —4
& |Liquid Limit 7 : =
quid Limij : A . : -
13 Plastic Limit 7 : : — T
Plasticity Index = N
Soil Group - A- - — : =
|34 Group Index = o e e S e =
Classification - = o s e = j ; = ﬁ '
132 | aooimive, % o : ;;F' S A
. {MAX. DENS. kg/m® abtt®_128.0 - = bt
OPT. MOISTURE, % ' =+ Zzes
= %
126 | : S
: T - : = = : . - i
124 » e ' =
12z = 1
[__oRY DENSITY |=
THIS CURVE MAY BE USED ' .
FOR SOILS REPRESENTED E =
BY SAMPLES: = :
S = ==| DATE: 5/18/98
MOISTURE CONTENT - PERCENT OF DRY WEIGHT
6 7T & 9 1o n »

Laboratory Compaction Report (03-22-4165)
- 'Figure C-2 (English)
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MATT MENU SELECTION -2 Louisiana Department of Transportation and Development ' DOTD 03.22-0745
| ' AGGREGATE TEST REPORT Metric/ Englsn
Project No. L,ilﬁ-LQJ_’.lﬂJiJ‘_LQLQJﬂJL Material Code L2141 LabNo. letidi-191919191219
Date Sampied L_lé!;lﬂld.L'_llLZ Submitted By LOJQJM Quantity WY Y Y S B |
Purp Code Wz _Source Code LA1A1919] Spec Code S PO.No. L L L L L1 1]
DateTested L L 1=L L 1=l | 1igent I2USI1=1Gl | | plantcode Ll L. FrictRating |_J (1-4)
- ltem No. (O S O WO O L A A W RO Date Rec'd ¢ab) _41[2/97 Sampled By: _AL 0. 4,
Remarks 1 bl L L 4 L 0 0 0t 0 4 0t b4 g
SO Y St S ISV U SN N SOV NN (VSN (VU ANV TSN ANV LY NN NN NEVURN (RN N (RUUUN HAUEE SUREN M |
Tested By __L.8B. . Dae _&/s/a97 Checked By _G-C. Date /2/20/97
- DOTD TR 102, 112, 113 & 309 . DOTD TR 428
Unit . 1=grams 2= pounds : Uiquid Limit , Plastic Limit
Sieve Retained % % % || [|No- of Blows Ledd Mass Cup + WetSoilg LL_1®
mm In. Mass Retained| Coarser | Passing || HMass Cup + Wet Soil.g Lt 191 | Mass Cup + Dry Soilg L 19 |
63 2172 I T S T | Mass Cup + Ory Soilg (L 191 | Mess Water
50 2 IR IS ’ Mass Water —_  CupNo. .
375 1112 Factor e MsssCup.g Ll 1%
g U T Y T .
Cup No. Mass Dry Soil
31.5 11/4 [ A T S T | Mass Cup, 9 L1 I®) § % Moi
25.0 1 I S A Mass Dry Soil
19.0 3/4 e r ottty % Moi: Plasticity index
16.0 §/8 GO O T N o Absorption (T84 or T85) (IR X S
125 12 L Ll - Spec Grav SSD (T84 or T85) e
o5 o Spec Grav APP (TR 300) (A
X I R O S0 |
Effactive Spec Grav (TR 300) L.
4.75 No. 4 T T T T Opt Moist Content, %(TR 418) g.1e
Mstlin Pan | L1 1 1 1 1 1] e B Maximum Dansity (TR 418) kg/m? (Ib/ft3)
%.u__——_—— - T Co Lab Comp Method (TR 418)
- Cement, % (TR 432 or SPECIFIED} N T
{insat ory Totat ass 1y 1 11 |* Difr: Lime, % (TR 416 or SPECIFIED) C ldad
Unit 1= 2 = pound Other {Additive} Code |___ 1 % L 1%
n S-iwu grams pounds I % = = Clay Lumps, % (TR 119) [ 5 N
e . . .
mm/pm No. Mass Retained Friable Particles, % (TR 119} el
a Retained] Coarser | Passing Clay Lumps & Friable Particles %(TR 119} 1@
2.36 8 I I 2 - Flat or Elongated Part, %(TR 119) bl @
2.00 10 T TR T Y S Coal & Lignite, % (TR 119) 1o )
118 o ) L " Glassy Particles, % (TR 119) (WL W
- ] Iron Ore, % (TR 119} : —19
g0 30 e — Wood, % (TR 119} —
425 40 S Y T - Total (Clay Lumps, Fri.Part.,iron Ore,
300 S0 O S T TR B T Coal & Lignite, Wood), %(TR 119} 18 |
20 a0 Foreign Matter, % (TR 109) [ S o
1 T T
1 Clam Shell, % (TR 110) el
150 100 S T O T T | Soundness, % Loss (T 104) el Lt
75 200 N O IO S Abrasion, % Loss (T 96) A N_YE.
53 270 1 L L1 Colorimetric Test (1 mPass, 2 =Fall} (T 21) el
- Asphalt Content, % (TR 307). el 1@
Mass Mallin Pan | t.l.t td 1 L) ‘- Retained Asphait Coating, % (TR317) 1| |
Decant Loss B :ercen:d Ccl:sh:d ':T; 3:6: SO S
- : etain: arshall Stability (TR 313) Lt
fce, Total Resistivity (TR 429) ‘ ' Ll ot
Initial Ory Total Mass [ N T 00 O | % Diff: pH (TR 430) el O )
Qrganic Content, % (TR 413) L—let |
SO OO Y O O oo e | .
"Dry Mass Afer Wash Sand Equivalent (TR 120) !
Remarks 2. . 3
O O N T N IS N N Y N NN N O AN Y A O
RN N S O S N SO O N U VS T N O SO N O (| - Approved By: : . Date:
S T OO ANV T T O O O I Y O I R R A

Aggregate Test Report (03-22-0745)
- Figure C-3 (English) '
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- ENGLISH VERSION

MET HOD D

L. Scope

This method of test is designed to determine the
optimum moisture content and maximum dry weight
density of shell or sand-shell with cement additive
when compacted in the laboratory in accordance with
this procedure. :

ll. Apparatus .

A. Same as DOTD TR 418, Method C.
B. Ce_ment.

Note D-1: Cement shall meet DO TD specifications for
Type IB. For Type IB cement, a unit we/ght
of 94 Ib/ft? shall be used.

When Type Il or Type IP cement is used on
the project, it shall be used in lieu of Type

IB to determine the report values for this -

method of test. . Type Il and Type IP
cement shall meet DOTD specifications.
For Type IP cement a unit weight of 90
Ib/ft? shall be used. For Type Il cement, a
unit weight of 94 Ib/ft® shall be used.

C. Personal protective equipment.
' 1. Respirator.

‘2. Gloves.

3. Apron.

4. Goggles.

D. Laboratory  Moisture-Density Worksheet,
Methods C & D - DOTD Form No. 03-22-4195.
(Figure D-1)

E. Additive Conversion Chart. (Figure D-2)

F. Laboratory Compaction Report - DOTD Form

"~ No. 03-22-4165. (Figure D-3)

G. Aggregate Test Report - DOTD Form No. 03-
22-0745, (Figure D-4)

. Test Sample

Same as DOTD TR 418, Method C.

IV. Health Precautions

Care must be taken not to allow cement to contact
L skln or to inhale the du}st ' .

. DOTD TR 418-98
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V Procedure

A. Preparation

1.

Determine the maXimum dry weight density of

. the raw material using DOTD TR 418, Method

C, and record as A on the worksheet.

. Determine the percent by volume of cement in

accordance with DOTD TR 432, Method B or

- use the percent specified. Refer to Step VI.A

or B for weight-volume conversion calculations.
Record the percent cement by volume as B and ,
the percent by weight as C on the worksheet.
Prepare ‘a minimum of five 15 pound
representative portions from the test sample. if
the material is a sand-shell mixture, combine
the sand and shell in the proportions by weight
determined by DOTD TR 418, Method C

B Testing

1.

Note D-2:

them s

Calculate the weight of addutlve to be added to
the representative portions in accordance with -
Step VI.C and record as E on the worksheet.
Add the required weight of cement determined
in Step V.B.1 to each representative portion.

Coordinate the initial mixing of cement with the.
representative portion so that a continuous
compaction operation will result without
violating the 90 + 5 minute standing and
slaking times in the following steps.

Add a sufficient quantity of water measured in
ml., to make the 15 Ib representative portion to
be used for the first point slightly damp. Mix
thoroughly.  Record the quantity of water
added as G on the worksheet.

.. Add and thoroughly mix a quantity of water,

measured in mlL, to each remaining 15 Ib
representative portion to increase the moisture
content of each representative portion by 2%
more than the moisture content of the previous
portion. . The 2% increment may be adjusted
if . necessary.{Refer to Step VI.D) Record the
quantity of water added to each representatlve
portion as G on the worksheet.

.- Cover the representative portions and allow

them to stand for approxrmately 30 minutes,
then remix.

Cover the representative portions and protect
_that the moisture content remains =
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constant, then allow them to slake for

60+ 5 minutes.

7. Compact test speclmen in accordance with

Method C Steps 1V.B.4.a-q
VI. Calculations -

A. Calculate percent by welght of cement by
Additive Conversion Chart.
1. Enter the chart on the left scale. Readmg
vertically, place a point at appropriate
. maximum dry weight density of the shell or
"~ sand-shell. mixture obtained in Method C.
' °2. Reenter the chart on the right scale.
‘ Reading vertically, place a point at the
design percent by volume of cement.
3. Draw a straight line across the chart
connecting the two. points plotted in Steps
1 and 2.
: '>4. Read the percent cement by weight directly
“from the chart at the point where the line
- drawn in Step 3 intersects the middle scale.
5. Record the percent by weight of addmve as
. C on the worksheet..
+6. ' Example: Figure D-2

‘A = 128 Ib/ft®
B .= 5 % cement by volume -
U =94 Ib/ft3

a. Follow the left scale to the ponnt
.represented by 128 Ib/ft3,

b. Follow the right scale to the point

- represented by 5% by volume. -
c. Draw a straight line across the scale,
connecting the two points.
d. The percent cement by weight, read
directly from the middle scale, is 3.8%.

B. In lieu of the charts or if values are not covered

by the charts, determine the percent by weight
of cement (C) by using the following formula.

_ _uBroo)

. 100
A - (UB/100)
a1
‘ (A/UB) - 0.01
- where ‘ ' :
A = maximum dry wt density of the
shell or sand-shell, Ib/ft®
B = % by volume of cement
U = - unit wt of cement, lb/f't3
100 = constant:’ ‘

- constant

001

- .example:

CA = 128 b/t
B = 5%
U = 94 Ibits

R 1
[128/(94’ x 5)} - 0.01
= 1 \ | '
(0.2723) - 0.01

1
0.2623

' C‘ = 3.8

Note D-3: To ach/eve required accuracy after rounding,

~carry to four decimal places, as shown.

C. Calculate the welght of additive (E} in Ib to be

incorporated into the representative portion of soil
by using the following formula and record on the

worksheet..
E = CxD
100
“where: o :
C = % by wt of additive (from chart or
formula)
D = dry wt of representatlve portlon, Ib
100 = constant
example:
C = 38%
D = 156.001b
E = 3.8 x 15.00
100
_ 57.00
100
E = 057

Calculate the quantity of water to be added to each
representative portion (G,,) in mL to'yield a moisture

. content incremented by 2 percent above that of the

previous representative portlon by - using the
followmg formula.

G, =G +(9072xF)

no




where:

Gph.1 = volume of water added to the prevnous o

_representative portion, mL

F- = total wt of material and cement, Ib :
9.072 = a constant representing a conversion -
factor from b to mL for a 2%
mcrement of mousture
~example:
© G = 272 mL
F=

15.57 Ib

G, = 272 + (9.072 x 15.57)
= 272 + 141.25

G

n

413

Note D-4: 1 g of water = 1 cc of water = 1 ml of
water : S o
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E. Perform all calculation steps for the material ‘in
“accordance with Method C, Step V.C-L.

VIl. Report

A. Report the Maximum Dry Weight Density and
Optimum Moisture Content on the Laboratory
Compaction Report and the Aggregate Test Report
to the nearest 0.1 Ib/ft® and 0.1 percent,
respectively. ,

B.. Report the type and percent by volume of cement
to the nearest 0.1 percent and the material type
(shell or sand-shell) on the Laboratory Compaction
Report.

Viil. Normal Test Reporting Time

Normal test reporting time is 5 days.

' Note D-5: When percent cement is to be determined by

DOTD TR 432, Method B, normal test reporting
time will be 3 weeks
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LOUISIANA DEPARTMENT OF TRANSPORTATION AND DEVELOPMENT

LABORATORY MOISTURE - DENSITY RELATIONSHIP
DOTD TR 418 - Methods C &

PROJECT NO: 999-99 - 0099

(English)

TESTED BY: _P. 3.

DATE: Ot/o7/97

-CHECKED BY:

G.C.

DOTD 03-22-4195

English
Rev. 4/98

LAB NO: A&-99999¢%

*TYPE ADDITIVE: Jype TR Cement  TYPE SoiL: Sand [Shel/l  SAMPLE NO: _SS-7

SAND SHELL TOTAL
PERCENT BY VOLUME Vie 3e Vi= 45 V, +V; = 100
UNIT WEIGHT, tb/ft® S:= Q0.0 S:= LO.0
THEORETICAL UNIT WEIGHT OF MIX; Ibit® | S\V, =3, 5 SV, = 39 0 SV +SVa = 75, &
PERCENT BY WEIGHT SAND-SHELL w, = Lt 7 W, = 553 W, + W, = on A
MIX WEIGHT OF SAND-SHELL, Ib W, x15) + 100 =6 7A| (W, x 15} + 100 =F.9 D = 15.00

*MAX. DRY WT. DENSITY OF MATERIAL {From TR 418, Method C}, ib/ft® A

22,0
*REQUIRED % BY VOL. OF ADDITIVE ( ___ TR 432-8, ___ specified) g .0
*% WT. OF ADDITIVE (____ chart, ____ formula) ¢ 3 .g
DRY WT. OF MATERIAL (Rep. portion) { ___ Shell, ___ Sand-Shelll, b D) 15.00
*WT. OF ADDITIVE TO BE ADDED, Ib E (CxD) ~ 100 0.57
*TOTAL DRY WT. OF MATERIAL AND ADOITIVE, 1b F D+E /5. 57
* FOR USE WITH DOTD TR 418, METHOD D ONLY.
CURVE POINT NO. 3 4 5
PAN NO. (if applicable) b} 10/ ol 7
WATER ADDED, mL S5 1695 230
WT. MOLD, BASE (if appl.) & WET MATL, Ib 27,43\ £7. 45| 27,40
WT. MOLD & BASE {if applicable), Ib -/4, 17 [4}-: 177 /4 177
WT. WET COMPACTED MATERIAL, Ib 13.26\/3.af /323
VOLUME OF MOLD (or specimen), ft*
WT. OF PAN & DRY MATERIAL, Ib /757 \17.89 | 1207
WT. OF PAN, Ib . SR71 5./ | 5SRO
WT. OF DRY MATERIAL, ib DW L-M 11.95° 3 /2.30 14213 | 11.27
WT. OF WATER, Ib ww J-DW O,ﬁ | 0.7/ 1096 | /./5 /oé__é
WET DENSITY, b/t WWD K (221 11316 14367 11365 1130 .4
MOISTURE CONTENT, % mMC (WW/DW ) x 100 47 o 59 7.8 | 5" | 1S
DRY DENSITY, Ib/ft? DWD D 100
123.2 |43 |186.2 |I45.0 1aa.3

REMARKS:

Laboratory Moisture - Density Relationship Worksheet (03-22-4195)

Figure D-1 (English)
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: , ADDITIVE ADDITIVE
MAXIMUM 5 PERCENT PERCENT
'DRY WEIGHT DENSITY SR - BY WEIGHT ~BY VOLUME
{lbs per cu ft) L ; 9 ‘ 8
I 98 o ‘ - 3 'e0 7
! 3 19 :
3 3 s .18
L R
100 e i3 ’
3 z IR «
Eos 13 3
- 12 -
[ 4 12
3 "
1o e "
3 10§
F w Z
3 s o ¥ 10
118 S, P
9 (&)
3 o 8 ’
N - w o 9
. L 2 .
| - 120 é ? 3
- o » s
3 _ > 1 4
. 128 * e
! 3 ' 3.8% Cement Additive , '
N y Weight 4
1B . '
~
. ™~ :
135 ~ s
’ ™~ s
140 .
, \ s
145
' 1.1
Note:  This chart is not suitable for use v o
when Type IP Portland-Pozzolan S 4
Cement is being used.
ADDITIVE CONVERSION CHART
RELATION IN PERCENT BY WEIGHT OF 0VEN~DRY SOIL SOIL AGGREGATE OR
- AGGREGATE TO DESIGN PERCENT BY VOLUME

Addmve Conversnon Chart
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140
138
3L
134
132
130
128
126
124
122

| 70

LAB COMPACTION REPORT - DOTD TR 418 METHOD -b
Project No. 199-44- 0049 station

DOTD 03-22-4165

Metric / English
Rev. 3/98

COMPACTION REPORT

| GRAIN SIZE
% Ret. 25.0 mm {1}

S.No.SS-T_LabNo. 2Z- 92299%

1
T

% Ret. 19.0 mm (3/4)

% Ret. 12.5 mm (1/2)

[_WeT DensiTy

% Ret. 4.75 ym (4)

it e

% Ret. 2.00 ym . (10)

% Ret. 425 um {40}

% Ret. 76 ym'  (200)

% Silt

% Clay & Colioids

% Pass 2.00 um (10)

% Pass 4.75 uym (40)

% Pass 75 um (200)

% Sand {Tot. Material)

% Unadjusted Silt

% Unadjusted Sand

% Unadjusted Clay

IATTERBERG LIMITS
Liquid Limit

B

Plastic Limit

Plasticity Index

Soil Group A

ul

Group Index

Classification

= SHeLe

n

ADDITIVE, %
MAX. DENS. kg/im® (lb/ft%)
OPT. MOISTURE, %

HETHIH
HH

e Tt St

R
I
1

|i \\

s
' I

THIS CURVE MAY BE USED
FOR SOILS REPRESENTED
BY SAMPLES:

T

DATE: s/,; /98

MOISTURE CONTENT - PERCENT OF DRY WEIGHT-

s ¢ 1 8 19

10

n. Iz

Laborato

~ Figure D-3 (English)

ry Compaction Report (03-22-4165)
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MATT MENU SELECTION - 2 Louisiana Department of Transportation and Development DOTD 03-22-0745
| | AGGREGATE TEST REPORT Metrc  Engish
ProjectNo. 912 9, "‘zq'a'o 10291 material Code LRI Labno. 221191919999
Date Sampled LLL1=10151 1917 ~ submitedBy LAOIND Quangy Ll Lt 1 1]
PupCode + Z  source Code 141819219 Spec Code L3 P.O.No. = Ldll Ll L 1}
Date Tested  LOLL1~ ident 205117\ | ) plantcode Ll-l il FrictRating L (1-4)
item No. Y S OO TR T N U TG OO O Date Rec'd jaoy _//4497 Sampied By: N.D.H
Remarks1 Ll Lt 0 & 0 0 3 0 0§ g
: SRR NGRS S U G O R S WO N TR N L R S S N NN S R T O T
Tested By __ P.13. Date _t/7/97 Checked By _G.. C. Date 1/R0/27_
DOTD TR 102, 142, 113 & 309 DOTD TR 428
Unit _ t=grams 2=pounds Uquid Limit Plestic Limit
" Sieve Retained % % % No. of Biows (| Mass Cup + WetSoilg {_IL t®1 |
mm In. Mass Retained| Coarser | Passing [| fMass Cup + Wet Sail,g - 'L 1®| | Mass Cup + Dry Soilg L1 19 1
63 2172 TS T WO T T I Mass Cup + Dry Soil,g L _1®1 | Mass Water
50 2 (R | Mass Water Cup No.
Factor ) Mass Cup, g LLi®
. 1 SRR 1 ) —————
375 2 L I : Cup No. Mass Dry Soil
31.5 114 AN T T T Y W | Mass Cup, g LL 1®1 | % Moi
25.0 LA S O N T O O A Mass Dry Soil e
19.0 U4 (B S A A | % Moi Plasticity Index
160 58 (IR N . Absorption (T84 or T8S) N TE)
12.5 172 1 [ O | Spec Grav SSD (T84 or T85) MR ¥ B
25 p Spec Grav APP (TR 300) . KT |
. I T I ' .
Effective Spec Grav (TR 300) L1®
475 _ No.4 N v Opt Moist Content, %(TR 418) 18190
Mass Matlin Pan | L1 1 | | 1 1 | Maximum Density (TR 418) kg/m® (Ib/ft%) ﬁ&lm&
Lab Comp Method (TR 418) v
tat
pec.To Cement, % (TR 432 or SPECIFIED) |_.|..f|_!_:.&:
finitial Ory TotalMass 114 1 {1 % Diff. Lime, % (TR 418 or SPECIFIED] el
Other (Additiva) Code |_1 1 % L1 18 |
*Unitsmu 1= grams 2= pounds = s e Clay Lumps, % (TR 119) —1® |
e N o . .
mmium  No. Mass Retained ’ g Friable Particles, % (TR 119) —ter
Retained| Coarser ng Clay Lumps & Friable Particles %(TR119) __1 a1 | ,
236 8 LU S N O Fiat or Elongated Part,%(TR 119) Ll 181
2.00 10 N T I T Y T | Coal & Lignite, % (TR 119) (R XN
1.18 1% L Ll Glassy Particles, % (TR 119) bl 1 @1
Iron Ore, %. (TR 119} L2
oo 30 e S S Wood, % (T8 119) l®
425 40 WS Y YOS W T Total (Clay Lumps, Fri.Part.,lron Ore,
300 50 I T T O | Coal & Lignite, Wood), %(TR 119) L1 ®)
180 20 Foreign Matter, % (TR 109) | R T T
S T N T
) Clam Shell, % (TR 110) S N
150 100 [ N S M | Soundness, % Loss (T 104) NIRY YR
75 200 [ I TR N Y B Abrasion, % Loss (T 96) —lt8
sa 270 IR i Colorimetric Test (1 =Pass, 2 =Fail) T 21} (-]
- Asphait Content, % (TR 307) [T
[[Mass Matlin Pan | L1 1 1 1 1 L Retained Asphalt Coating, % (TR 317) —_r
Decant Loss Percent Crushed (TR 306} | |
lace. Total ‘ Eatfin.er‘l Marshall Stability (TR 313) | -] :
f ivity (TR 429) [ NS SR s |
{initial Dry Total Mass 0 S % Diff: PH (TR430} bkl @1
"Dry Mass After Wash Organic (',tonteng, % (TR413). el
e Sand Equivalent (TR 120} e
Remarks 2:
SR GRS RO OO S I (O N DO I O O O Ll ]
NS O N N O Ot S Y A O O Y O Approved By: __ Date: _
T T TASY N N O O S I O O A N A 1 L1

Aggregate Test Report (03-22-0745)

- Figure D-4 (English)
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DOTD Designation: TR 418-98

ENGLISH VERSION

l.. Scope

‘This method of test is designed to determine the
optimum moisture content of the total material and
maximum dry weight density of raw. soil-aggregate
mixtures with 5% aggregate or more by dry weight

retained on the No. 4 sieve, when compacted in the.

laboratory in accordance with this procedure.

Note E-1: It is permissible to determine moisture-

density relationships of field conditioned

material in accordance with the applicable
method of DOTD TR 415.

L Apparatus- :

A, Mold
1. A cylindrical metal mold, havmg a capacity

of 1/10 #t2, manufactured with an internal
diameter of 6.000+0.026 in. and a height

of 6.100+£0.016 in., and with a detachable
collar approximately 3.5 in. in height, which
can be fastened firmly to a base plate.
2. Molds shall be replaced if any diameter is
. more than 6.039 in. or the height is less
than 6.000 in. at any point.

Note E-2: Different makés of compaciive devices may

use mold base plates of different designs.

The mold base plate must be compatible

with the make of compactive device used.

B. Compactive Device
1.  Automatic Rammer

a. A 10.0%0.1 1b rammer, with a striking
face that is a 3.1416 sq in sector face
for use with a 6 inch inside diameter
mold and arranged to control the height
of drop to 18.00£0.06 in.

b. A 550x0.05 Ib rammer, with a
striking face that is 2 3.1416 sq in
sector face for use with a 6 inch inside
diameter mold, and arranged to control
-the height of drop to 12.00+0.06 in.

2. Manual Rammer

a. A 10.0+0.1 Ib rammer, with a c:rcular

striking face with a diameter of 2.00

+0.01 in. and arranged to control the"

height of drop to 18.00+0.06 in.

b. A 5.50 * 0.05 Ib rammer, with a

METHOD E

Pon=dopun

No

circular striking face with a 4diaméter of

'2.00+£0.01 in. and arranged to control the
height of drop to 12.00+0.06 in. .

. Compaction Block - a stable block or pedestal

composed of portland cement concrete and
weighing a minimum of 200 Ib. '

. ~Straightedge - steel straightedge, approxnmately

12 in. in fength.
Scale - a scale of 20 Ib or more capacity sensitive

~ to 0.01 Ib.

Sieves - a set of the following sieves conformmg
to the requirements of the Standard Specification
for Wire Cloth Sieves for Testing  Purposes
(AASHTO Desngnatlon M 92),
1. 1inch.
- 3/4 inch.

% inch,

No. 4.

No. 10.
ools ‘

Mixing pans with appropriate covers.

Spoons.

Pointed trowel. :

Spatula or large suitable mechanical device
- for thoroughly mixing material with water.

5. Large screw driver to remove material from
mold. :
Finishing tool.
.- Height gauge - dial micrometer incremented

in 0.001 in., accurate to O. 001 |n mounted

on a stand.

. Graduated cylinders - incremented in mL.
Wax paper - for molds without attached base

plate.
Engineer's Curve - Alvin 1010-21 or equivalent.

. - Laboratory Moisture - Density Worksheet,

Methods E & F - DOTD Form No. 03-22- 4196
(Figure E-1).

Laboratory Compaction Report - DOTD Form No.
03-22-4165. (Figure E-2)

Soils/Soil-Aggregate Form - DOTD Form No. 03-
22-0723. (Figure E-3) :

Note E-3: It is convenient, but not essential, to

have a mechanical device for removing
the compacted material from the mold.
Such a device may consist of a closed,
cylindrical sleeve slightly less than 6.0 in.
in diameter or a piston of the same

diameter, ‘actuated mechan/cally,
hydraullcal/y or by air pressure




H. Test Sample

Obtain a representative sample of material welghmg
a mmlmum of 180 b (6 fuil sample sacks).

1\ Procedure

A. Preparatlon

1.

Noie E-4:

Prepare the total sample in accordance with
DOTD TR 411, using the 1 inch, 3/4 inch, %
inch, No. 4, and No. 10 sieves.

If a gradation has been performed previously
on this material, this gradation may be used
in lieu of Step IV.A. 1.

Retain the separated matenal in separate

“containers.
Weigh each fraction. Record the weight of

material retained on the 1 inch screen as A

- on the worksheet. Record the weight of the

fractions retained on the 3/4 inch, % inch,

. No. 4, and No. 10 sieves as B,

corresponding to the appropriate sieve size.
Record the material passing the No. 10 sieve
as D.

Prepare a minimum of five 15 Ib composited
representative.. portions, - with the same
proportions of each size fraction as the
original sample, except that for each
representative portion remove. the material
retained on the 1 inch sieve and replace it
with an equal weight of material based on

- the prorated percentages retained on the 3/4

inch, % inch, No. 4 and No. 10 sieves. Mix
each representative portion thoroughly.
(Refer to Step V.A. for example.)

B Testing

1.

Note E-5:

Add a quantity of water measured in. mL to

make the 15 Ib representative portion to be

used for the first point slightly damp. Mix

~ thoroughily. Record the quantity of water

added as N for the first point on the
worksheet

Check the mixture by Squeezihg the -fine

portion in the palm of the hand. If the

mixture is the correct moisture content, it

- will form a cake which will bear very careful
~handling without breaking.

‘Add and thoroughly mix a quantity of water,
measured in ml, to each remaining 15
~Ib representative portion to increase the

DOTD TR 418-98
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moisture content of each portion by 2% more

“than the moisture content of the previous

portion. The 2% increment may be adjusted
if necessary for some materials. (Refer to

-Step V.B.) Record the quantity added to

each representative portlon as N on the
worksheet.

. Cover the representative portions and protect

them so that the moisture content remains

constant, then allow them to siake for a

minimum of 30 min.

Compact - the test specimens. using an

approved rammer. ,

a. If mold requires an attachable base plate,
attach base plate. Weigh mold and base
plate and record as P on the worksheet.

b. When using a mold without an attachable
base plate, place wax paper on the
compactor base. Weigh the mold and

“record the weight as P on the worksheet.
Place the mold over the wax paper and
secure the mold to the compactor base.

¢.. Attach collar to mold.

d. Uncover a representative portion and ‘

' remix. '

e. Place a quantity of this material into the
mold in an even layer that will yield
approximately 1/3 the volume of the

~.mold - after compaction. Recover the

.~ representative portion.

f. Use a pointed trowel to rearrange
particles, filling voids in the loose material
without compacting the material.

9. BRest the rammer on top of the layer to be

- compacted. Compact the layer using 28
blows with the 10 Ib rammer or 75 blows
with the 5.5 |b rammer.

h. Note height of compacted material. If
compacted layer is not 1/3 the height of
the mold, correct for any deviation by
adjusting the quantity of material used for
the subsequent layer.

i. Repeat Steps IV. B 4.d-h for two more
layers.

~j. After the third layer has been compacted,

remove the mold, base plate, (if

applicable) and compacted specimen from

the automatic rammer and place in a pan.
k. Tap the collar with the straightedge to

loosen material bond and remove the

collar from the mold, without twisting or

‘causing shear stress  to the molded
specimen.
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I.- ‘Note the helght of the compacted test‘ . and drying the entire test specimen in ’
specimen. ‘ ' " accordance with DOTD TR 403, Method B.
(1) If the compacted material is more than - q. Repeat Steps IV.B.4. a-p for each 15 Ib
0.50 in. above the height of the mold - representative portion, cleaning the mold
or more than 0.25 in. below the rim of : . between each test specimen. Continue
the mold, remove all material from the ; repeating the procedure until there is a
-mold,” remix it . ‘with - the original = - . substantial decrease in the wet weight of the i
representative portion and repeat the e compacted material or the material becomes
test. s . too wet to compact
(2) If the compacted material is above the :
top of the mold, but not more than 0.5 V. Calculatlons
n- a?(oe‘;epir?;o:s:dr::l;?'t):;z' plate (if | A.. Calculate tr.\e plus _1 inch replacement,‘ the
applicable), and specimen in. the prorated wenght retained, the percent retained,
_pan, trim the specimen even with and the adjusted weight as shown on the
the top of the mold, using the worksheet. Calculate the accumulated weight in
steel straightedge. Fill. any - accordance with DOTD TR 113. Record these
depressions with the fine, trimmed values where indicated. '
material, smoothing each area  B. Calculate the quantity of water to be added to .
with the straightedge after it is each representative portion (N,) in mL to vield a
filled. Do not attempt to replace moisture content incremented by 2 percent above f
- aggregates that . have been , . .
dislodged. ’ , tha.t of the preylous representative portion by 1
(3) If the compacted material is below the using the following formula.
top of the rim of the mold, but less : - ]
than 0.25 in. below, proceed as : o N =N + 136
follows: » ' nooee
(a)  Place the finishing tool on the where
. compacted surface and rotate it . ‘ S X
while tapping very lightly to N,.;- = -volume of water added to the
smooth and level the surface. Do : S previous representative portion, mbL _
not impart additional compactive , 136 = a constant representing the volume [
effort to the specimen. ; of water required fora 2% moisture :
-(b) - Determine the height of the ‘ content for a 15.00 Ib representative
~ specimen by measuring to the - ' ' . portion, mL {
nearest 0.001 in. at three ‘ B : 3
~ locations spaced equally around example:
the circumference, and averaging. : Np.q = 401 mL (
(c)  Calculate the  volume of - the ‘ !
specimen in accordance with Step N n = 401 + 136 ‘
V.C. and record as R on the ,
worksheet. o . N =537 |
m. Brush material from all outside surfaces of n (
mold and exposed edges of base plate or Note E-6:. 1 g of water = 1 cc of water = 1 mL of
wax paper. ' water ?
n. Remove wax paper, if applicable, and brush '
fines from wax paper onto top of test ~ C, Calculate the volume of the test specimen (R) in
specimen. Take care hot to lose any fines ft° by using the following formula.
from test specimen. . ,
0. Weigh mold, base plate (if applicable), and o ‘ R =h x 0.01636
compacted test specimen and record as O where: » ' [
- -onthe worksheet. . : ~h = avg height of test specimen, in. t
.P. Remove the base plate, (if applicable). . 0.01636. = constant equal to the volume of
Remove .test specimen from mold and -~ = . Sginch dlameter mold, per inch

determine moisture content by breaking up

wof helght ft




example

“h 6112m
R = 6112 X 001636

- 0.09999
R = 0.100

. Calculate wet weight of cdmpacted material in

~mold (Q) for each representative portion by using

the following‘ formula and record on the

.worksheet.
Q=0-P

where:

O = wt of mold, base plate (if used), and :

: compacted wet material, g
P = wt of mold and base plate (if used), g

~example:

O =26.75¢g
P =14.08¢g
Q = 26.75 - 14.08

-.Q = 12.67

Calculate wet weight density (WWD) in Ib/ft® for -

each representative portion using the following
formula and record on the worksheet.
wwp = 2

where:

= wet wt of compacted material, Ib

R = (1/10). a .constant representing . the
volume of the mold or the volume of the
specimen (if apphcable), as calculated in

Step V.C., 3
example
= 12.67 Ib
R = 0.100 ft3
- 12.67
-0.100
WWD = 1267

Calculate the. weight of water (WW) and the

weight of dry ‘material (DW), using the formulas._v

- shown on the worksheet and record.
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‘G." Calculate the moisture content (MC) in

- percent for each representative portion as
"-shown on the worksheet and record.
H. Calculate the dry weight density (DWD) in
_Ib/ft for each representatlve portlon using
the followmg formula.

wp = —WWD) a0
~ 100 + (MC)
where: ‘
“WWD = wet wt density, Ib/ft
MC = moisture content, %
100 - = constant
example: -
WWD = 126.7 Ib/ft®
MC =5.9%
pwD = —126:7 o 100
100 + 5.9 .
- 1267 o 100
105.9

= 1.19641 X 100
DWD = 119.6

I Beginning with the lowest moisture content,

‘plot a point on the Laboratory Compaction
Report, representing the intersection of a
horizontal line projected from the wet weight
density and a vertical line projected from the
moisture content. Continue for . each
moisture  content until- all ‘points for wet
weight densities have been plotted. Repeat
the process for each moisture content,
-substituting dry weight densities for wet '
weight densities.

J. . Form. a smooth line using the engineer's
curve by connecting the plotted points to
form two curves, Wet Weight Density Vs.

. Moisture Content and Dry Weight Density Vs.
Moisture Content. {Refer to the Laboratory
Compaction Report.)

Note E-7: If after the results have been plotted,

there is not @ minimum of three points on

the dry side and two points on the wet

‘side of optimum, additional testing must

be performed until this minimum is met. If
@ smooth curve cannot be . drawn, :
dditional testing may be required. i
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- K. Determine the Optimum Moisture Content (%) of
*the total material, which is the moisture content

corresponding to the peak ‘of the dry welghtf o

- density curve. :
" L. Determine the maximum dry weight densnty of the
total material, which is the weight corresponding
- to the peak of the Dry Weight Density Curve.

VI. Report

A. Repbrt the Maximum Dry Weight Density and the
Optimum Moisture Content on .the Laboratory

Compaction Report and on the Soils/Soil-

Aggregate Form to the nearest 0.1 Ib/ft® and 0.1
percent, respectively.

B From DOTD TR 407 and DOTD TR 423 report
the following on the Laboratory Compaction
.-Report and on the Soils/Soil-Aggregate Form.

1.

Note E-8:
' accepted by gradation determined in

Grain size distribution.

2. Atterberg Limits.
3. Soil group. '
4,

5. Classification.

Group index.

For sand clay' gravel or other materials-

accordance with DOTD TR 112 and DOTD
TR 113, the report of soil group index and
classification will not be required.

“ VI, -Normal Test Reporting Time

Normal test reportingvtime is 3 days.
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LOUISIANA DEPARTMENT OF TRANSPORTATION AND DEVELOPMENT DOTD 63-224196
English
LABORATORY MOISTURE - DENSITY RELATIONSHIP 4/98
DOTD TR 418 - Methods®& F
(English)
PROJECTNO: 999-99-0094 DATE: LR/15/97  LABNO: 1.9999499
*TYPE ADDITIVE: ) TYPE SOIL: G' v, Cln SAMPLE NO: S-o2
TesTeD BY: __ K. 3. CHECKED BY: _G.. 8.
Weight + 1" Prorated % Retained Adjusted Accumulated
SIEVE Retained, Replacement Wt. Ret., Ib ({F/E) x 100 Weight, 1b Weight
. B,/{1 - (A/C)) 1 (G x 15) +100 b
1"
3/4"
1/2"
No. 4
No. 10
Subtotal
- No. 10
Total

*MAX. DRY DENSITY OF MATERIAL (___ TR 41B-E, __ TR 415-A), Ib/ft

*REQUIRED % BY VOL. OF ADDITIVE ( _ TR 432-A, ___ TR 432-8, ___ TR 416, ___ specified)

*% WT. OF ADDITIVE {____ chart, ___ formula)

DRY WT. OF MATERIAL (Representative Portion), Ib

*WT. OF ADDITIVE TO BE ADDED, ib WxK « 100

*TOTAL DRY WT. OF MATERIAL AND ADDITIVE, b M K+1

* FOR USE wrTH DOTD TR 418, METHOD F ONLY.

CURVE POINT NO. 4 5 6
WATER ADDED, mlL F09 19«5~
WT. MOLD, BASE (if appl.) & WET MATL, Ib C AL v X7,
WT. MOLD & BASE (if applicabie), Ib 1408 14 08
WT. WET COMPACTED MATERIAL, Ib 19.6%(/3.
VOLUME OF MOLD (or spacimen), ft®
WT. OF PAN & DRY MATERIAL, Ib 17.40 I'I.:E‘.S4
WT. OF PAN, Ib 15710 | S5
WT. OF DRY MATERIAL, Ib : oW S-T 11:96 k.16 1A% 19,30 |1d.08,
WT. OF WATER, ib ww Q-bw 0.7/ 10694 lLi7 |l 3g |15
WET DENSITY, Ib/tt® Wwo QMR V86,7 /31,0 1136.3 136,92 13556
MOISTURE CONTENT, % MC wwiow x 100 | 5.9 177 it ik 127
DRY DENSITY, Ibift? owo

o0 - e~ ' hg.{ |1an 6 124, & |123.0 |1q0-3,

REMARKS:

Laboratory Moisture - Density Relatlonshlp Worksheet (03 22 41 96)
Flgure E-1 (Engllsh)




DOTD TR 418-98
Rev. 8/98

Page 40 of 72
Method E

English

Project No.§@9. qq.oo%tation

DOTD 03-22-4165

LAB COMPACTION REPORT - DOTD TR 418 METHOD &£ Metric / English

Rev. 3/98

COMPACTION REPORT

LGRAIN SIZE
% Ret. 25.0 mm (1)

S.No. 2 LabNo.Z2-

e T s o

% Ret. 19.0 mm (3/4)

% Ret. 12.5 mm (1/2)

% Ret. 4.75 ym (4) J

s

o 1 T
' iars e "

% Ret. 2.00 um (10) L3

% Ret. 425 um (40) 1!

T

% Ret. 76 ym - (200) V2]

% Silt 31

daknad

% Clay & Colioids Pt

% Pass 2.00 um (10)

% Pass 4.75 ym (40) &5

it

% Pass 75 pm {200) Xl
/40 |% sand (Tot. Matesiai

% Unadjusted Siit

511

% Unadjusted Sand

/3 8 % Unadjusted Clay

LATTERBERG LIMITS

\..

Lﬁ
i
HH{HH

Liquid Limit 4?
/13( [Plastic Limit !

el

11

Plasticity index oS

Sail Group . - A~ Lo

/34_ Group Index 10

il

Classification _(3 way, (lay
| L-0am .

/32 |appriive, %

MAX. DENS. kg/m® (b/ft?]

OPT. MOISTURE, % 2.2

/30 = ===

i

1
s ﬂ'~ i{-

/28

PR ettty p ey

126

/24

NI

2z

/20

/18

THiS CURVE MAY BE USED

FOR SOILS REPRESENTED

BY SAMPLES:

==

MOISTURE CONTENT - PERCENT OF DRY WEIGHT

5 6 1T & 9 1o

| DATE: §//8 /98

12 13

e |

_WET DENSITY |3 =

r e ‘ : . o

Laboratory Compaction Report (03-22-4165)

_Figure E-2 (English) =

o g —
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|
; i MATT MENU SELECTION - 14 | B Louisiana Department of Transportation and Development S DOTD 03-22-0723
) £ SOILS/SOIL-AGGREGATE Rev.7/98
Metric / English L&) (M or £ - Locaied on MATT Menu)
Project No. 499- -10101119 Material Code - 1419157 Lab. No. (i) - q 9919
Date Sampled ©1/1°10151°1917] . = Submitted By Q&i619] Quantity - 1L 1) |} | '
Purp.Code ([} ' PitNo. Lt ! 11 Spec Code |3}
: Date Tested ~ |O1/| -1/ |5] .-ﬂ |7| , ident. DI~ ) | | Parish No. - 15k&)
" From Station . (_1_ 1 ) I+ L L} “"ToStation L [ L I+ L 11 Location L. L Lt L 4 1. 1"\ 4 1 1]
Hole No. ‘ - Depth, m() LL lel | J"L1 lel 1 | Log Distance, km (mi Lidet 1L}
B ftemNo. - L i 1 L 4 010 b1 111 © Sampled by:
; Remarks 1 . Ll L. b it 0. bt tb-v 0ty gyl ety
O O N N T OO TN N N T O [ O O O Y | i
i : ' Hydrometer Analysis (DOTD TR 407) |Graduate No._____ | Dry Mass of Sample (W), g {(1=50.0, 2=100.0) __
m {h) ) Corrected % Finer Effect. Grain Size
Time Elapsed Temp°C B e : Reading ]
"" Time | (0.5% increments «'; L ncremont (0.5 increments) | H = h-C P % * 100 oa x\l'; ‘
60 Minutes Li lel 1 Ll Is] | L1 lei |
120 Minutes Lt lel | Ll lei 1} Ll letl |
| w Size Mass Retained (wx) % . . {DOTD TR 407)
j ’ Mass Cup + Soil, g = LIl l®l | Gram - % Ret. 25.0 mm (1) __ . .
Cup No. ) ) % Ret. 19.0 mm (3/4) __¢{p
Mass Cup, 9 LL le1 Totsl Mass, g L1111 % Ret. 12.5 mm (1/2)
Mass Soil, g : 25.0'mm ({1} WEENE| : % Ret. 4.75 ym  (4)
i . . 4 " [|% Ret.2.00 gm. (10) —_ /3
| BETAINED ON 425 ym (40) 128w A L LU % Fot. 425 4m ‘24:&)—1”
- . .  ———— v et O
| lé/l::sNg?p +Soil,g LLluet] 4.75um @) I | Ret. 75 pm
Mass Cup, o Ll tet 200pm (10} L L b L) : % Clay & Colloids
| Mass Sail, 3 425 um  (40) % Pass 2.00 um (#10)
f 75 um - {200 ' ~ " ||% Pass 4.75 um (40)
‘! % Silt % Pass 75 ym (200)
Mass Cup + Soil, L1 1y | . " 1% Sand (Tot. Material)
Cup No e % Clay & Colloids . e 1% Unadjusted Silt
Mass Cup, g Ll le) ¢ Pass 4.75 um (s4) % Unadjusted Sand
Mass Soil, g Pass 2.00 um (#10) % Unadjusted Clay
LIOUID LIMIT % Organic Matter (TR 413) (ISR T PR
Liquid Limit (TR 428)
No. Blows . .
Mass Cup + Wet Soil, g l i fel | Plasticity Index (TR 428)
Mass Cup + Dry Soil, g Lt del Natural Moisture Content, %(TR 403) Ll lel |
Mass Water, g Optimum Moisture Content, % (TR 418) l_.Iﬁ.I.....L‘Zl‘
Eac{‘;: S, Maximum Density, kg/m> (b/ft°) (TR 418) Ll:l&lﬂ.‘_l'_s.l-
up No. £
Mass Cup. g Ll fel | Laboratory Compaction Method (TR 418) L&}
Mass Dry Soil, g % Cement (TR 432 or Pans) Ll lel |
% Moistura - % Lime (TR416) Ll
% Fly Ash v I
ELASIISLLIM.II I % Other (Additive) Material Code L1 1} } Percent . |_{ i@l !
Mass Cup + \éVgt Sgil, 9 L'J—'-:J‘J Soil Group (TR 423) -~ l10) :
m::: S&’;J g'V Soil, g LA Lol 1 | o csification (TR 423) Grav. Clay L.oam
Cup No. . v pH (TR 430} Ll lel |
Mass Cup, @ Ll lel | [l Resistivity, ohm-cm (TR 429 T O |
Mass Dry SOll g e || Classification Prefix (TR 423) . (G wSilicaous Aggr. N =Non-Siliceous - SmShel) - 1|
% Moisture (Requirad only if. +2.00 mm [No. 10, g/ material equais or exceeds 5%/ :
Remarks. 2 ISR A R U N O O A S 0 Y O O U O T O O D e G O |
| IO T N OO T T N O N T N (0 | N T N T O O O I |
TestedBy: K, B. Checked By: G.C. ) APPROVED BY:

Date: 11597 Date: . 1185/ 2 : DATE:

Smls/Sonl-Aggregate Worksheet (03-22—0723)
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English

- L. Scope

DOTD Designation: TR 418-98
ENGLISH VERSION

METHOD F

This method of test is designed to determine the ,
optimum moisture content and maximum dry weight
density of soil cement, lime treated or conditioned soil

cement, or cement treated or lime treated soil-aggregate .

mixtures, all containing 5% or more aggregate by dry
weight retained on a No. 4 sieve, when the material is
compacted in the laboratory in accordance with this
procedure. When these materials contain less than 5%
-aggregate by dry weight retained on the No. 4 sieve,
refer to Method B.

Note F-1:

Note F-2:

it is permissible to determine moisture-density
relationships of field conditioned material in

accordance with the applicable method of

DOTD TR 415. For field conditioned material
which requires the addition of additives, TR
415, Method B can be used in the laboratory
to determine moisture-density relationships of
the material and additive combination only if
the required amount of additive is known;
however, for field conditioned material
brought into the laboratory for the purpose of
determining the required amount of additive,

it is not permissible to use Method B of TR ,

415.

’ It is not permissible to use DOTD TR 415,

Method A when the sample contains
aggregate other than siliceous gravel.

ll. Apparatus

A. Same as DOTD TR 418, Method E.
B. Cement or lime.

Note F-3:

Cement shall meet DOTD specifications for
Type IB. For Type IB cement, a unit weight of
94 Ib/ft° shall be used.

When Type Il or Type IP cement is used on
the project, it shall be used in lieu of Type IB
to determine the report values for this method
of test. Type Il and Type IP cement shall
meet DOTD specifications. ' For Type . IP
cement a unit weight of 90 Ib/ft® shall be
used. For Type Il cement, a unit we/ght of
94 Ib/ft? shall be used.

Lime shall meet DOTD specifications for ,
‘hydrated lime. A unit elght of 35 lb/ft” sh i

C.

nm

Personal protective eqhipment :
1.. Respirator.

2. Gloves.
3. Apron,
4. Goggles. -

Laboratory  Moisture - Density Worksheet,
Methods E & F - DOTD Form No 03-22-4196.
(Figure F-1)

Additive Conversion Chart. (Figure F- 2) :
Laboratory Compaction Report - DOTD Form No.
03-22-4165. (Figure F-3)

Soils/Soil-Aggregate Form - DOTD Form No. 03-

~ 22-0723. (Figure F- 4)

Test Sample

Same as DOTD TR 418, Method E.

v.

Health Precautions

Care must be taken not to allow cement or hme to
contact skin or to inhale reactlon fumes.

V.

A.

Note F-4:

Procedure

Preparation _

1. Determine the maximum dry weight density
of the soil aggregate mixture using one of
the following methods and record as H on
the worksheet.:

a. DOTD TR 418, Method E.
b. DOTD TR 415, Method A, if percent
siliceous aggregate is within allowable
_ range of 5-60 percent. _

2. Determine the percent by volume of cement
in accordance with DOTD TR 432 or the
percent of lime in accordance with DOTD
TR 416 or use the percent specified. Record
as | on the worksheet.

3. Convert percent by volume to percent by
weight and record as J on the worksheet.
(Refer to Step VI.A or B for weight-volume
conversion calculations).

4.  Prepare a minimum.of five additional 15 b
composited representative portions, ' as
described in Method E, Step IV.A.1-4.

If DOTD TR 418, Method E was used to
determine the maximum dry weight density
of the soil-aggregate mixture, values for
accumulated weights determined in DOTD
TR 418, Method E are to be used to prepare
the f/v add/tlonal representatlve port/ons '



B. Testmg

1.

, Note F-5:

“determined in

. portion in the palm of the hand.
mixture is the correct moisture content, it will

Calculate the wenght of additive to be added
to the representative portions in accordance
with' Step VI.C. and record as L on the
.worksheet.

Add the required weight of the additive
Step ~ V.B.1 to  each
composited representative portion.

Add a sufficient quantity of water, measured
in mL, to make the 15 Ib representative
portion to be used for the first point slightly
damp. Mix thoroughly. Record the quantity
of water added as N for the first point on the
worksheet.

Check the mixture by squeezihg the fine
-If the

form*a cake which will bear very careful
handling without breaking.

Add and thoroughly mix a quantity of water,
measured in mL, to each remaining 15 Ib
representative portion to increase the
moisture content ‘of each representative
portion by 2% more than the moisture
content of the previous portion. The 2%

increment may be adjusted if necessary for

some materials. {Refer to Step VI.D.) Record
the quantity of water added to each
representative portion as N on the worksheet.
Cover the representative portions to which
water and additive have been added and
allow them to stand for a minimum of 30
minutes, then remix.

. Cover the representative portions again and

protect them so that the moisture 'c_ontent
remains constant, then allow them to slake as

.follows.

a. Soil-aggregate mixed wuth cement The
- 'combined standing and slaking time, plus
the compaction time in the laboratory
shall approximate the moist mixing time,
plus the compaction time in the field. This
time shall be a minimum of 60 mln and a
. maximum of 90 min.
b. Soil-aggregate mixed with *lime: The
combined standing and slaking time plus
~compaction time in the laboratory shall
- approximate the moist mixing time and
- mellowing time in the field, but shal| not
be less than 15 hours.

"¢. When lime conditioned soil is to be cement‘

Note F-6:

VL.

. Step V.B.1)

DOTD TR 418-98
Rev. 8/98
Page 43 of 72
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treated or stabilized, mix the soil with the
lime and allow it to slake in accordance with
Step V.B.6.b. Then add the required weight
of cement (determined in accordance with
to the soil-aggregate-lime
mixture. Then repeat Steps V.B.3-6.a.

When during a project, the soil-aggregate
mixture has been lime treated or conditioned
in accordance with Section 304 of the
specifications prior to sampling for cement
treatment or stabilization, it shall be slaked

~in accordance with Step V.B.6.a.

Cbmpact the test specimen in accordance
with Method E, Step IV.B.4.

Calculations

Determine percent of additive by weight by using

the Additive Conversion Chart (Figure F-2).
.- chart may be used for Type IB portland cement

This

and hydrated lime.

1.

‘Draw a straight

Enter the chart on the left scale. Reading
vertically, place a point at the appropriate
maximum dry weight density of the soil-
aggregate mixture obtained in Step V.A.1.
Reenter the chart on the right scale.
Reading vertically, place a point at the
design percent by volume of additive.

line across the chart
connecting the two points plotted in Steps
1 and 2. o

Read the percent by weight directly from the
additive scale on the chart at the point
where the line drawn in Step 3 intersects
the scale for the additive being used.
Record this value as J on the worksheet
Example: (Figure F-2)

a. Type |IB Cement

H = 126 Ib/ft
| = 8% Type IB cement by volume
(1) Follow the left scale to the point

represented by 126 Ib/t3.
(2) Follow the right scale to the point
represented by 8% by volume.
{3). Draw a straight line across the
scale, connecting the two points.
{4) The percent cement by wt, read
- directly from the middle scale is
. 6.3%. ,
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" b. Lime

o

. m

2
(3)

(4

= 125 Ib/ft3
= 6% hydrated llme, by volume

Follow the left scale to the pomt
represented by 125 Ib/ft3,

Follow the right scale to the pomt. :

represented by 6% by volume.
Draw a straight line across the scale,
connecting the two points. ‘

The percent lime by weight, read

: 'dlrectly from the middle scale is 1.7%.

B. In heu of the charts or if values are not covered
by the charts, determine the percent by weight of
-additive (J) using the following formula.

where:

H

X
100
© 0.01

eXam’ple:
H =
| =

U

00 o0
H - (UI/100)

1
(H/Ul). - Q.01

maximum dry wt denslty of the soil-
aggregate, Ib/ft3

% by volume of ‘additive

unit- wt of addltlve, Ib/ft3 :

constant

constant -

(Type IP Cement)

130 Ib/ft®
8%
90 Ib/ft3

1
-[130/(90 x 8)] - 0.01

1
" 10.1805] - 0.01

1

'0.1705 -
J=59

, theﬁ f-7:-

To achieve required accuracy after
roundzng, carry to four decimal places, as
: shown '

Calculate 'the weight of additive (L) in Ib to be
‘mcorporated into the representative portion of

" - soil using the following formula and record on the

) worksheet
100
where:
‘ J = % by wt of addttnve (from chart or
) ~ formula)
: K = dry wt of representatlve portion, Ib
. 100 = constant
'eXample: o
J = 17%
K = '15.001b
L. 17.x15.00
100 '
. 25.5000
100
L =026

Calculate the quantity of water to be added to

each representative portion (N,) in mL to vield a

moisture content incremented by 2 percent above

that of the previous representative portion by
" using the following formula.

N =N _ +(9.072 x M)

n

where:

N = volume of water added to the previous
representative ‘portion, mbL
M = total wt of material and additive, b
9.072 = a constant representing a conversion
‘ factor from Ib to mbL for a 2%

increment of moisture

n-1

example: ’
Ny = 286 mL
M = 15.261b




N, = 286 + (9.072 x 15.26)
= 286 + 138.43
N =424

Note F-8: 1 g of water =

water.

E. Perform all ca‘lcu‘lation steps for the material
in accordance with Method E, Step V.C- L

VI, Report

A. Repért the Maximum Dry Weight Density

and the Optimum  Moisture Content on
thelLaboratory Compaction Report and on the
Soils/Soil-Aggregate Form to the nearest 0.1
Ib/ft® and 0.1 percent; respectively. - :
B. For sand clay gravel ‘or other materials
accepted by ' gradation determined in
accordance with DOTD TR 112 and DOTD TR
113, the report of soil group index and
classification will not be required.

1 cc of water = 1 mL of-

DOTD TR 418-98

. 'Rev..8/98 e
. Page 45 of 72
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C. : From DOTD TR 407 and DOTD TR 423, report on
© the Laboratory Compaction Report and on the
Soils/Soil-Aggregate Form. :
1. Grain size distribution.
2. Atterberg Limits.
3. Soail group.
4. Group index.
5. Classification.
D. Report the type and percent by volume of
~additive to the nearest 0.1 percent for cement
and to the nearest percent for :lime on the
Laboratory . Compaction Report and on the
'Sonls/SmI-Aggregate Form

VI, Normal Test Reporting Time

Normal test reporting time is 6 days.

Nate F-9: When percent cement is to be determined
by DOTD TR 432, Method B or the percent
lime by DOTD TR 416, normal test
reporting time will be 3 weeks or 2 weeks,
respectlvely '
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LOUISU\N‘A DEPARTMENT OF TRANSPORTATION AND 6EVELOPMENT DOTD 03-22-4196
English
LABORATORY MOISTURE - DENSITY RELATIONSHIP 4/98
DOTD TR 418 - Methods E &F) '
(English)
PROJECTNO:  999-99. D099 DATE: _2/00/97 LABNO: HXL-99925F
*TYPE ADDITIVE: H%drg-fed Lime TYPE soiL: (ray. Clay Loam sampLe No: _S- o2
TesTeD BY: __ K. B checkeo ay: G, C
Prorated % Retained Adjusted Accumulated
SIEVE | W1, Ret., b {F/E) x 100 Weight, b Weight
1" A
3/4*
1/2°
No. 4 8, I [ 5.3
No. 10 B.
Subtotal [of A+ 281 n
- No. uTll D (6.6 —— /lb.log
Total || £ C+D |of/ G4 —— XS

*MAX. DRY DENSITY OF MATERIAL ( — TR 418-E, __ TR 415-A}, b/t H

*REQUIRED % BY VOL. OF ADDITIVE { . TRA32.A, _ TR 432-8, __ TR 416, ___ specified) !

* % WT. OF ADDITIVE (___ chart, ___ formula) J

DRY WT. OF MATERIAL (Representative Portion), ib K e
*WT. OF ADDITIVE TO BE ADDED, Ib L W00 b 26
*TOTAL DRY WT. OF MATERIAL AND ADDITIVE, lb M K+L 15 de

* FOR USE wiTH DOTD TR 418, METHOD F ONLY.

CURVE POINT NO.

WATER ADDED, mL

WT. MOLD, BASE (if appl.) & WET MATL, b
WT. MOLD & BASE (if applicable), Ib

WT. WET COMPACTED MATERIAL, 1b
VOLUME OF MOLD (or specimen), ft®

WT. OF PAN & DRY MATERIAL, Ib S_ DRSO HSE e /7. 17- 87 18- R4 174 17.67
WT. OF PAN, Ib T by 7118 6A\ &P /018553
WT. OF DRY MATERIAL, 1b ow $-T (R 41 118,005 V1A AN 1831 1. 14
WT. OF WATER, Ib ww Q-ow 0.7/ 193 | 1 Re2 | /- 36
WET DENSITY, Ib/ft® WWD QR (AR | i o |/23,.3 1/85°3113570
MOISTURE CONTENT, % MC wwiowix100 14 | S8 | 25199 | i
DRY DENSITY, Ib/ft? owp .

ToomE ™ KU |19 |1 0 |123. | |1

REMARKS:

Laboratory Moisture - Density Relationship Worksheet (03-22-4196)
| Figure F-1 (English)
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{.; . , L ' ' AR . ADDITIVE - ADDITIVE
f ) MAXIMUM - PERCENT ~ PERCENT

DRY WEIGHT DENSITY - BY WEIGHT BY VOLUME .

', » (ibs percuft) e, 7
o eS8 .

100

4
: -
W &
2 s
| [}
, ‘ : 3 S
: © 6.3% Cement Additive Q) o
; ; ) by Weight 2
120 y 1e9 2 <
i < -
[ Q. -
| , e &
i 128 e — ‘ 8
—
~
130 ‘ -
135 1.7% Lime Additive ™~
by Weight
4
140
145
Note: This chart is not suitable for use

when Type IP Portland-Pozzolan
- Cement is being used.

'ADDITIVE CONVERSION CHART

RELATION IN PERCENT BY WEIGHT OF OVEN-DRY SOIL, SOIL AGGREGATE OR
AGGREGATE TO DESIGN PERCENT BY VOLUME
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v DOTD 03-22-4165
LAB COMPACTION REPORT - DOTD TR 418 METHOD F Metric / English - ‘
i T Rewv. 398 o
Project No.PP-94. ppgstation S.No.Z  iabNo. ZZ- 999999 ' |
COMPACTION REPORT e : - , : |
% Ret. 25.0 mm (1) ‘ : F =
% Ret. 19.0 mm {3/4) : , —— |
% Ret. 12.5 mm {1/2) ' |___WET DENSITY ==
% Ret. 4.75 ym (4} < b Sy : t : T ——
% Ret. 2,00 zm (10) 13 = : ‘ = .
% Ret. 425 um (40) 7] == * : : = . ) ‘ o
% Ret. 75 um {200} 16 : I : . : - . s
% Siit 3] : : : co 1
% Clay & Collaids 24 - : : e e e
% Pass 2.00 ym {10) ; = Tt T
40 % Pass 4.75 pm {40) &5 L — e e e S A et .
% Pass 75 um (200) 55 - " = === ]

‘ % Sand (Tot. Material) : = = e == - : ‘
% Unadjusted Siit ) : ; = 25n s T '
% Unadjusted Sand e 1 : e = :

. '38 % Unadjusted Clay : T = ': = = T . ’
AT T . 1 e o 1
Liquid Limit : ST z -
‘34’ Plastic Limit 15~ = e = :
Plasticity Index ____25 : > ‘ == —=H ;

\3 4 Soil Group A-__ /. T =, z T | » | l
Group Index 20 —t- . : oo me w s s | : .
Classification [nfe 7oed7ed = e =
Lrav. Clay i oam = =

- - .’ e e

132 | soomve, % [7) . == e e | 1
MAX. DENS. kg/m® (b/it)_\Z4.9 : et - -
OPT. MOISTURE, % 8.5 Z : = . s , |

'30 TR T e T e - = : m= e 22za: B

128 = : SErh s S e S e e e == |

126E g=E= : 1 :

o o - - v. ' . : : F : % |

‘24 e mas v _ ' e :

- '| = L — T = ) : - : : - ‘: ——— e v - A ;
S e ' . . === e
120 e e
: e e e e ‘ | DRY DENSTTY. |
: + s . . - . e e S B,
= T S : ' = e eraas
THIS CURVE MAY BE USED s ‘ === ST
FOR SOILS REPRESENTED == = » e z Zprr
BY SAMPLES: : =r ‘ — = - ;
S -~ == == : DATE: S//9/98
MOISTURE CONTENT - PERCENT OF DRY WEIGHT
4} s ¢ 1T & 9 16 I 12

,Laboratory Compaction Report (03-22-41 65)
‘ Flgure F-3 (Engllsh)
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1 MATT MENU SELECTION - 14 l

Metric / English LE} (M or £ - Located on MATT Menu)

1919191719191 -1 0101919

Project No.

Date Sampled &Ll_l_‘.lo_m__mz

Louisiana Department of Transportation and Development

DOTD 03-22-0723
Rev. 7/98

Lab. No. U 19191 9191919)
Quantity L | 11 1 | |

SOILS/SOIL-AGGREGATE

Material Code ({410 16
Submitted By Q14141 |

Purp. Code . 1] ] PitNo. L L 1] Spec Code (31
Date Tested = LOLL| -icllo) -19171 _ ident. [Si=12 1 1 ) Parish No. 71&)
From Station L_| 1.l 1+ 1 1} To Station |l 1 1 1+ 1 11 o Location L_L 4 1.1 1 11111}
‘Hole Na. Depth, mfw L el | 1 LI let | | Log Distance, km (mi) LI
Item No. N T T T I I N Sampled by:
Remarks 1 (| NN NN
[ | S OO N N S O IO T O O O I T O T
Hydrometer Analysis (DOTD TR 407) | Graduate No.____ | Dry Mass of Sample (W), g (1=50.0, 2= 100.0) _,
(T {h} (c) C:n:'ctcd % Finer Effect. Grain Size
Time Elapsed Temp*C Hydro i eading
Time (0.5* increments) (0.5 muRoading (O.Sc?-':mm Hwh-C - P = % *.100 DekK \E
SoMinutes | /| | je] § Y LLde] |
120Minutes| | | ‘Je] | Ll lef | Ll jel |
Size - Mass Retained (wx) % {DOTD TR 407)
Mass Cup + Soil, g Lt 1ot § Gram z Ret. 25.0 mm (1)
.~ Cup No. : Ret. 19.0 mm.(3/4)
Mass Cup, g Ll lei Total Mass, g LLlia) % Ret. 12.5 mm (1/2)
Mass Soil, g 25.0mm (1) LLi il % Ret. 4.75 um {4)
19.0 mm (3/4) % Ret. 2.00 zm (10)
125mm 172) L] % et 425 ym w60l 71—
Mass Cup + Soil, g Lil 1e) g . et. 75 um
Cup No. 475pm 4. L1111 % Sit
Mass Cup, g Ll el 200 m (10} - LI L1t % Clay & Colloids .
Mass Sc.i, g 425 um - (40) % Pass 2.00 um #10} 2%
. 75 um (200) % Pass 4.75 um (40)
; % Pass 75 um (200)
Mass C Soil U] % Sitt T =" ||% Sand (Tot. Material)
ass Cup + Soil, T . 2 o
Cup No ¢ % Clay & Colloids = 1% Unadjusted Siit
Mass Cup, g Lllei ) Pass 4.75 um (#4) % Unadjusted Sand
Mass Soil, g Pass 2.00 um (#10) % Unadjusted Clay
LIQUID LIMIT % Organic Matter (TR413) (|
No. Blows Liquid Limit (TR 428) f&
Mass Cup + Wet Soil, 9 | L lei | Plasticity Index (TR 428) m
Mass Cup + Dry Soil, g I__L__L_I_l Natural Moisture Content, %(TR 403) Li lel |
Mass Water, g Optimum Moisture Content, % (TR 418) LIfte 131
Zz‘;*%o Maximum Density, kg/m® (Ib/ft) (TR 418) LR51e 5]
Mass Cup g L lel | | Laboratory Compaction Method (TR 418) 2
Mass Dry Soil, g % Cement (TR 432 or Plans) Ll lel |
% Moisture % Lime (TR 416) (0]
% Fly Ash 1
FLASTIC UMIT % Other (Additive) Material Code |_L_| | Percent. L] |@| |
Mass Cup + Wet Soil, g L_{ je! | i A-
Soil Group (TR 423) \
Mass Cup + Dry Scnl g Ll let | P
Classification (TR 423) L.
Mass Water, g
Cup No. pH (TR 430) ) Ll lel |
Mass Cup, g Ll lel | § Resistivity, ohm-cm (TR 429) I Y o
Mass Dry Soil, g Classification Prefix (TR 423) - (GmSiliceous Aggr. N=Non-Slliceous S = Shell) !
% Moisture (Required only if +2.00 mm [No. 10, g] material equals or exceeds 5%)
Remarks 2 Lt ettt ettt [l
aENREEN RN ]
Tested By: /(. B Checked By: _ (5L . APPROVED BY:

Date: L lda gg 7 Date:

DATE:

Smls/Soul-Aggregate Form (03 22 0723)
‘ Flgure F-4 (Enghsh)
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base plate.

2. Molds shall be replaced if any duameter is
more than 6.039 in. or the height ‘is Iess
than 4.550.in. at any point.

Note G-1: Differ_ent makes of compactive devices may
: use mold base plates of different designs.
The mold base plate must be compatible
with the make of compactive device used.
B. Compactive device L

‘ _2 .3/4 inch. .

1. 'Automatic Rammer - a 10.0+0.1 |b ram-

- mer, with a striking face that is a 3.1416 sq
in.. 'sector face for use with a 6 in. inside
diameter mold and arranged to control the
height of drop to 18.00+0.06 in.

2. Manual Rammer - a 10.0+0.1 Ib rammer,
with a circular striking face with a diameter
of 2.00+£0.01 in. and arranged to control
the height of drop to 18.00+0.06 in.

Compaction Block - a stable block or pedestal

composed of portland cement concrete and

weighing a minimum of 200 Ib.

Straightedge - steel straightedge, approximately

12 in. in length.

Scale - a scale of 20 Ib or more capacity |

sensitive to 0.01 |b..

Sieves - a set of the following sieves cohforming :

to  the - requirements -~ of the Standard

Specification for Wire Cloth Sieves for Testing

Purposes (AASHTO Designation M 92).
1. 1.inch.

A.

B.

3. % inch. "

~ 4. No. 4.
.- Tools .

. Mixing pans with appropriate covers.
. Spoons.
. Pointed trowel.

PON =

. Spatula or large suitable mechamcal device for
thoroughly mixing material with water.
5. Large screw driver to remove materlal from
mold.
Graduated cylinder - incremented in mL.

- Engineer's curves - Alvin 1010-21 or equivalent.
“Wax paper
. Laboratory Moisture - Densnty Worksheet, Method

G - DOTD Form No. 03-22-4197. (Figure G-1)
Laboratory Compaction Report - DOTD Form No.
03-22-4165. (Figure G-2)

Aggregate Test Report - DOTD Form No 03-22-
0745. (Figure G-4)

Method G =
“English : : '
- DOTD Designation: TR 418-98
ENGLISH VERSION
~: METHOD -G
I, Scope
This method of test is designed to determine the G
-optimum moisture content and maximum dry weight
density of designated materials, including stone, crushed
slag or recycled portland cement concrete, when the
material is compacted in the laboratory in accordance,
with this procedure.
. Apparatus v
A. Mold | :"
1. A cylindrical metal mold, having a capacxty J
of 0.075 (1/13.33) ft?, manufactured with "
an internal diameter of 6.000+0.026 in. and ‘
a height of 4.584+0.005 in., and with a
detachable. coliar approximately 2.5 in. in L.
“height, which: can be fastened flrmly to'a M

fil. Test Sample

Obtain a representative sample weighing a
minimum of 180 Ib (6 full. sample sacks).

Dry entire sample in accordance with DOTD TR
411,

| IV. Procedure

A. Preparation
1. Prepare the total sample in ‘accordance with
DOTD TR 411, using the 1 inch, 3/4 inch, %
inch, and No. 4 sieves.
Note G-2: = If a gradation has been performed previously

on this material, this gradation may be used
in lieu of Step IV.A.1.

2. Retain the separated -material in separate
containers.

3. Weigh each fraction. Record the weight of
material retained on the 1 inch sieve as A on
the worksheet. Record the weight of the
fractions retained on the 3/4 inch,
No. 4 sieves as B,, corresponding to the
appropriate sieve size. - Record the material
passing the No. 4 sieve as D.

4. Prepare a minimum of five 18 Ib composited

represéntative portions, - with - the same

proportions of each size fraction as the original

% inch and .



sample, except that for each representative
portion remove the material retained on the 1

inch sieve and replace it with an equal weight -

of material based on the prorated percentages
retained on the 3/4 inch, % inch and No. 4
sieves.  Mix each representative portion

- thoroughly. (Refer to Step V.A. for example.)

B. Testing

1.

Add a quantity of water, measured in mL, to
make the 18 Ib representative portion to be
used for the first point with sufficient water
slightly damp. - Mix thoroughly. Record the
quantity added as H on the worksheet.

Add and thoroughly mix a quantity of water,
measured in mL, to each remaining 18 Ib
representative portion to increase the moisture
content of each portion by 2% more than the
moisture content of the previous portion.. The
2% increment may be adjusted, if necessary.
(Refer to Step V.B.). Record the quantity
added to each representative portion.as H on
the worksheet.

Cover the representative portions and protect
them so that the moisture content remains
constant, then allow them to slake for a

“ minimum of 30 min.

Compact the representative portions using an

. approved rammer.

a. If mold requires an attachable base plate,
attach base plate.  Weigh mold and base
plate and record as J on the worksheet.

b. When using a mold without an attachable -

base plate, place wax paper on base. Place

- mold over wax paper and attach. Weigh
mold and base plate and record as J on the
worksheet,

. Attach collar to mold.

."Uncover a representative portion and remix.

e. Place a quantity of this material into the
mold in an even layer that will yield slightly
more than 1/5 the volume of the mold after
compaction. Recover the representative
portion.

f. Use a pointed trowel to rearrange particles,
filling voids .in the loose material without
compacting the material.

g. Rest the rammer on top of the layer to be
compacted. Compact the layer using 56
blows with the rammer.

h. Note height of compacted material. If
compacted layer is not 1/5 the height of
the mold, correct. for any deviation by

[o N o]

. too wet to compact.

adjusting the quantity. of material used for s
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the subsequent Iayer
Repeat Steps |V.B.4.d-h for four more Iayers
After the fifth layer has been compacted,

- remove the mold, base plate (if applicable),

and compacted specimen from the automatic
rammer and place in-a pan.

Tap the collar with the straightedge to loosen
material bond and remove the collar from the
mold, without twisting or  causing shear .

. ‘stress to the molded specimen.
- Note the height of the compacted test

specimen.
(1) . If the compacted material is greater
~ than 0.50 in. above the height of the
mold, remove all material from the
mold, remix it with the original
representative portion and repeat the
test.

(2) - If the compacted material is below. the
rim of the mold, remove all material
from the mold, remix it with the original
representative portlon and repeat the
test.

Keeplng the mold base plate, (if apphcable),

and specimen in the pan, trim the specimen

even with the top of the mold, using the steel

- straightedge. Fill any depressions with the

fine, trimmed material, smoothing each area
with the straightedge after it is filled. Do not
attempt to replace aggregates that have been
dislodged. .

Brush material from all outside surfaces of
mold and exposed edges of base plate or wax
paper.

Remove wax paper (if applicable), and brush

fines from. wax paper onto top of test

specimen. ‘Take care not to lose any fines
from test specimen.

Weigh moild, base plate (if applicable), and
compacted test specimen and record as | on

the worksheet.

Remove the base plate (if applicable).

" Remove - test = specimen from mold and

determine moisture content by breaking up

- and drying the entire test specimen in

accordance with DOTD TR 403, Method B.
Repeat Steps IV.B.4.a-q for each 18 1b
representative - portion, cleaning the mold
between each test specimen. - Continue
repeating -the procedure until there is a
substantial decrease in the wet weight. of the
compacted material or the material becomes
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V.. Calculations

A.

‘Calculate the plus 1

inch replacement, the
prorated weight retained, the percent retained,
and the adjusted weight as shown on the

, worksheet. Calculate the accumulated weight in

Note G-3:

C.

accordance with DOTD TR 113. Record these
values where indicated.
Calculate the quantity of ‘water to be added to

each representative portion (H,) in mL to yield a_
 moisture content incremented by 2 percent above

that of the previous representative pomon by
using the following formula '

H,=H, _, +163

n

where:

volume of water, mL, added to the
previous representative portion

n-1

163

of water in mL required for a two %
moisture content for an 18.00 Ib
representatlve portion

example:
Ho.q =326mL
- H, =326 + 163
H, =489

1 g of water =1 ¢cc of water =1 mlL of
water.

Calculate wet weight of compacted material in
mold (K) in g for each representative portion in
accordance with the following formula and record
on the worksheet.

K=1]-J
where:
"1 = wt of mold, base plate (if used), and
compacted wet material, g
J = wt of mold and base plate (if used), g
example:
| =2254g
J =1271¢

K = 2254 - 1271
K 983

a constant representing the volume-

- D. Calculate wet wexght density (WWD) in lb/ft for
each representative portion using the followung ,
formula and record on the worksheet

E I ——

-.0.075
where:"
7 K = wet wt of compacted material, Ib
0.075 = a constant rsepresentmg the volume of
the mold, ft
example:
K- = 9.831Ib
9.83
0.075
= 131.066
WWD = 131.1

Calculate the weight of water (WW) in Ib and the
weight of dry material (DW) in Ib, using the
formulas shown on the worksheet and record.
Calculate the moisture content (MC) in percent for
each representative portion as shown on the
worksheet and record.

. Calculate the dry weight density (DWD) in [b/ft3

for each representative portlon using the following
formula d

- WWD)_ o 409
100 + (MC)
where: :
WWD = wet wt density, Ib/ft>
MC = moisture content, %
‘ex'ample:' » . .
WWD = 131.1 Ib/fit®
MC = 4.0%
pwD = — 311 o 100
100 + 4.0
1811 oo
1040

- 1.26057 x 100
 DWD = 1261




a point, on the Laboratory Compaction Report,

representing the intersection of a horizontal line
projected from the ‘wet weight density and a .

vertical line projected from the moisture content.
Continue for each moisture content until all points

for wet weight densities and dry weight densities
have been plotted. Repeat the process for each =
moisture content, substituting dry weight densmes

~_for wet weight densities. :

Form a smooth line, using the englneer s curve by
connecting the plotted pomts to form two curves,

Wet - Weight Density ' vs. Moisture Content and
Dry Weight Density vs. Moisture Content. (Refer

to the Laboratory Compaction Report.)

Note G-4: If after the results have been plotted, there is
not a minimum of three points on the dry side
and two points on the wet side of optimum,
additional testing must be performed until this

. minimum is met. If a smooth curve cannot be
drawn, additional testing may be required.

H. Beginning with the lowest moisture content, plot L

VI,

VIL.
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~J.Determine the Optimum Moisture Contentt (%)

. of the total material, which is the moisture
‘content corresponding to the peak of the Dry-
Weight Density curve.

K. -Determine the Maximum Dry Welght Dens:ty

_of the total material, which is the weight

- corresponding to.the peak of the Dry Weight
Density curve,

Report

A. Report the Maxumum Dry Weight Densnty and
the - Optimum . Moisture. Content ‘on  the -
. Laboratory Compaction Report and on the
~Aggregate Test Report to the nearest 0.1 Ib/ft3
“and 0.1 percent, respectively.
B.. Report the Gradation from DOTD TR'112 and .
TR 113 and Atterberg lelts from DOTD TR
428.

-Normal Test Report_ing Time

"Normal test reporting time is 3 days.‘
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LOUISIANA DEPARTMENT OF TRANSPORTATION AND DEVELOPMENT DOTD. 03-22-4197
English '
LABORATORY MOISTURE - DENSITY RELATIONSHIP 4/98
DOTD TR 418 - Mehtod G
(English)
PROJECT NO: 994- 99- 0039 DATE: _(2/r6e/97 LABNO: RA&-9922 2%
TYPE ADDITIVE: . TYPE SOIL: Limes+one  SAMPLENO: A S-3
TESTED BY: _(.L. CHECKED BY: _SBW.
* wt. + 1" Prorated % Retained Adjusted Accumulated
SIEVE Retained, Replacement Wt. Ret., Ib (F/E} x 100 Wt. Ib wt.
b (F) {G) (G x 18) +100 Ib
1" A
a8 b8 — 6.2 19.9¢ 3.5¢ 3.5%
vz | s — s || Za2a
No. 4
Subtotal
-No. 4
Total
CURVE POINT NO. woe 1 2 3 4 5 1
WATER ADDED, mL H See Calculati
mi ae Lalculations 489 S‘J_. q"!
WT. MOLD, BASE {if app!.) & WET MATL., Ib t
WT. MOLD & BASE {if applicable), b J
IR V) VpR 7L MR T 220 | 4R 7L
WT. WET COMPACTED MATERIAL, tb K 1-J 9-6’ 0. :0 ‘ E! ). o 5 ﬂﬂ
WT. OF PAN & DRY MATERIAL, b L
AR 16279 | f560 1 14691 | 1506
WT. OF PAN, Ib M
77154215821 |52 10 | 5253
T. OF DRY MATERIAL, Ib Dw L-M
v Gits|9.57 19.79 | 9.81 |9.53
WT. OF WATER, Ib ww K - DW O, 22 ) EE 0'72 O.gz 0.92
WET DENSITY, Ib/ft? wwb K /0.075
18/ 1 _1)3%7 1140.3 {)a.4 | 1400
MOISTURE CONTENT, % MC {WW/DW} x 100
- o |ss5 |25 | 29 02
DRY DENSITY, Ib/ft3 DWD % « 100
126 [ |127.7 | 130 . 1 130-2 [1272.0
REMARKS:

Laboratory Moisture - Density Relationship Worksheet (03-22-4197)
Figure G-1 (English)
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' DOTD 03-22-4165
| LAB COMPACTION REPORT - DOTD TR 418 METHOD 4 Metric / English
. - Rev. 3/98
- . " Project No. 999. 99-009F Station ' S. No. LS-S Lab No. ZZ— 94??77
1 : COMPACTION REPORT e e = =
L GRAIN SIZE -
% Ret. 25.0 mm (1) " :
% Ret. 19.0 mm (3/4) : T = e
| 1% Ret. 12.5 mm (1/2) ‘ : ‘ |__WET DENSITY _
L % Ret. 4.75 ym (4) 1 : - . e e e -
% Ret. 2.00 ym. {10) =
% Ret. 425 ym (40) = v
% Ret. 75 ym {200} ] ==
% Silt = : -
% Clay & Colloids : : : ; : : =
% Pass 2.00 ym (10) . . et
% Pass 4.76 ym (40) - : o o,
144 |% Pass 75 um (200) — , : : =
% Sand (Tot. Material) : 1 7 T
% Unadjusted. Silt : ; 3 : ==
% Unadjusted Sand i 23 g Y -+ : e
/4-Z |% Unadjusted Clay : : === =
| ATTERBERG LIMITS ‘ = == : = =
Liquid Limit ' : : : o {a'
740 |pastic Limit 7 : e
Plasticity Index S — et o
Soit Group  A- - t — '
/38 Group Index = :
Classificgtion = : =
/ 2 x e |
/36 | apomive, % : = : SR
~|MAX. DENS. kg/m® (Ib/ft*_/3 2.0 == e
OPT. MOISTURE, % = _ e e
/34 e = - — : " ..';.‘ o ,”'m«.
i T ?j’ : Z : saae
/3Z t : : - - ;- = = = e - )
/30 == : e
/28 =5 = == : NE =
. i - i ; = ” = : . @
/26 T —— : — ==
e : : —| DRY DENSITY |55
THIS CURVE MAY BE USED : e
FOR SOILS REPRESENTED : " :
BY SAMPLES: =
: : =] pATE: 5 /18 /98
MOISTURE CONTENT - PERCENT OF DRY.WEIGHT 2
L < L 1 8 9 o H

Laboratory Compactlon Report (03-22- 4165)
! Flgure G 2 (Engllsh)
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MATT MENU SELECTION - 2 : Louisiana Department of Transportation and Dcvoloprfwnt : DOTD 03-22-0748
‘ - AGGREGATE TEST REPORT ‘ %%nslbh
Project No. L‘I-'9—lfz-l—-19-13-1—10—19-!3-!-9-' Material Code Lab No. =
Date Sampled Q9= 101611917 Submitted By '-Q—L—l‘—l:"’ 2191 Quantity Qo | )
Purp Code 7t source Code A 101516 SpecCode U3 PO No LI L 1 111}
Date Tested 0011/ o= 1) 1y  1AiS=131 | Plant Code 1.1} FrictRating {1 (1-4)
item No. SO0 Date Rec'd aty _2/7/27 . Sampled By: _D R,
"Remarks1  b—t L1 U4 480 b L
S W O " TS NSO ! N T T SN SN AN DL NN CLHN AL TN NN SO SN MEE TN MO EON MO DY
" TestedBy _ [0.(%. Date 9/i6/97 Checked By 7o4-C. Date 9//2/97.
DOTD TR 102, 112, 113 & 308 DOTD TR 428
Unit y 1= grams 2 = pounds . Liquid Limit Pastic Limit
Sieve Retained I %1 fINo. of Blows (I Mass Cup + WetSodg L1 191 |
In. Mass Retained| Coarser |Passing jf #Mass Cup + Wet Sollg (119} | MassCup + OrySoilg L1 191 |
63 2172 [T T O O | Mass Cup + Dry Soil.g L1 18] | Mass Water
50 2 Lt [N | Mass Water Cup No.
°
] IQ 1010 L Factor Mass Cup, g [ I -
375 112 = e Q lga-—- Cup No. : Mass Dry Soil s
31.5 11/4 NS T I T Mass Cup, g » L1 1% | % Mo
250 1 Oeb) 1 1\ [100]7.70197 |||Msssovsai
mo | deedior o [gaslasar 7o |3 passiy nsex MO
16.0 5/8 T T O Y ' Absorption (T84 or T85) el 1 ®
125 2 e 3l | 1 |6.92 lapnz| 72 Spec Grav SSD (T84 or Tas) T YR
o5 o5 Spec Grav APP (TR 300) 1O
X O T IS O T )
Effective Spec Grav (TR 300) (I _E S
475  No.4 Lo @12y 11 1 (e 9054 L2 | 45 Opt Moist Content, %({TR 418) g ey,
ass Matlin Pan | [ 1&ie 1O14 | ) [bst/7) - : ; Maximum Density (TR 4181 kg/m® (Ib/fe®) L 1.3 1200 1 O:
Tot T 33..25 : o Lab Comp Method (TR 418) TS
= Cement, % (TR 432 or SPECIFIED) L 1er
fnital Dry Total Mass  31F1a 13100 | | I'A oir: Lime, % (TR 416 or SPECIFIED) et
Other (Additive) Code 1 .t % el 1Ot |
Unit_ L T>grams 2= pounds = — Clay Lumps, % (TR 119) Dol er )
mwumsmﬂo, Mass Retained Ra;/uined Co:rser Pas':ing Friable Particles, % (TR 119) Ltel )
Clay Lumps & Friable Particles %(TR119) __1e1 )
2.38 8 WS L O T T Flat or Elongated Part,%(TR 119} 1%
2.00 10 [T O S 0 Coal & Lignite, % (TR 119) —_—®
118 18 L Lot Glassy Particles, % (TR 119} —l 1o
- ) Iron Ore, % (TR 119) 19y )
600 30 s e S S A Wood, % (TR 119) La®r
425 40 Qe 1 [ 499 1.2/ |20 Total {Clay Lumps, Fri.Part..Iron Ore, ‘
300 50 LLd b1t Coal & Lignite, Wood), %(TR 119 L
180 20 Foreign Matter, % (TR 109) ek
I T Y S
g Clam Shell, % (TR 1101 JR SO I T |
150 100 Soundness, % Loss (T 104) TERY Y
75 200 /2.3 M g Abrasion, % Loss (T 96) ) el 1@
53 270 \ L1 'I | Colorimetric Test (1 mPass, 2 =Fail) (T 21} (-
- Asphalt Content, % (TR 307) el B
IMass Matin Pan | Ribie 1 Z1 S 1 ) Retained Asphait Coating, % (TR 317) i1 1
liDecant Loss ) Percent Crushed (TR 306) T,
"Au-.. Tol 7 79 ) Retained Marshall Stability (TR 313) 1
. Q2 Resistivity (TR 429) i
"lnitial Dry Total Mass L1291 10 | % Dift: A, 20 pH (TR 430) L O
"Dty Mass After Wash (17 E 2 ; Organic C.ontent, % (TR 413} Ll
: Sand Equivalent (TR 120)
Remarks 2:
| N N T U OO I AL N NS O A Y O |
Y S Y Uy N OO O T NSO S A N A0 O S O I T | Apptoved By: : Date:
I T T T RO HN IO O S S A 1O RO

Aggregate Test Report (03-22-0745)
Flgure G- 3 (Engllsh) '
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1 Sc_ope

This method of test is. designed to determine the
optimum moisture content and the maximum dry weight
- density of recycled in-place material compacted in the
laboratory in ‘accordance with this procedure. This

method of test is specifically designed for existing

materials containing asphaltic. materials, hydraulic
cement, lime, or other stabilizers or surfacings which are
_ 1o be used as soil or soil-aggregate mixtures.

Note H-1: It is permissible to detehnine hwisture-density
relationships of field conditioned material in

accordance with the appllcable method of DOTD

TR 41 5
ll. Apparatus

A. Mold '

1. A cylindrical metal mold, having a capacity of
110 ft*, manufactured with an internal
diameter of 6.000+0.026 in. and a height of
6.100+£0.016 in., and with a detachable
collar approximately 3.5 in. in height, which
can be fastened firmly to a base plate.

‘2. Molds shall be replaced if any diameter is
more than 6.039 in. or the height is less than
6.000 in. at any point.

Note H-2: Different makes of compactive devices may
use mold base plates of different designs.

The mold base plate must be compatible with

the make of compactive device used.

B. Compactive Device
1. Automatic Rammer
a. A 10.0+0.1 Ib rammer, with a striking
face that is a 3.1416 sq in. sector face for
use with a 6 in. inside diameter mold and

arranged to contro! the height of drop to -

> 18.00+0.06 in.
b. A 5.50+£0.05 Ib rammer, with a striking
face that is a 3.1416 sq in. sector face for
use with a 6 in. inside diameter mold, and
_-arranged to control the helght drop to

12.00£0.06 in.

2. Manual Rammer

a. A 10.0+£0.1 ib rammer, W|th a circular
striking face. with a diameter of 2.00
- £0.01 in. and arranged to control the
- height of drop to 18, 00£0. 06 in.
A 5.50+0.05 Ib rammer, w

rxe

#wP?HﬂQFPPN?
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striking face with a  diameter of
2.00+£0.01 in. and arranged to
‘controf the height of drop t0 12.00 +
0.06 ‘in..

Compaction Block - a stable block or pedestal
.composed of portland cement concrete and

weighing a minimum of 200 Ib.
Straightedge - steel
approximately 12 in. in length.
Scale - a scale of 20 Ib or more capacnty
sensitive to 0.01 Ib.

Sieves - a set of the followmg sieves

straightedge, -

.-conforming - to- the. requirements ~of the

Standard Specification for Wire Cloth Sieves
for Testing Purposes (AASHTO Desxgnatlon M
92).

1 inch

3/4 inch

% inch

No. 4

No. 10

No. 40

No. 200
ools ,
Mixing pans with appropnate covers.
Spoons. ‘

Pointed trowel.

Spatula or large suitable mechanical device

for thoroughly mixing material with water.
~Large screw driver to remove material

from mold.

Finishing tool.

Height 'gauge - dial = micrometer

incremented in '0.001 in., accurate to

0.001'in., mounted on a stand.
8. Beakers, Dispersing Agent, and Stirring

Apparatus, and Dispersion Cup from DOTD
TR 407.

Graduated cylinder - incremented in mL.
Engineer's Curve - Alvin 1010-21  or
equivalent, ' '
Wax paper
Power driven wedge crusher.
Laboratory Moisture - Density Worksheet
Methods H & | - DOTD Form No. 03-22-4198.
(Figure H-1)

o

No

. Laboratory Compaction Report DOTD Form

No. 03-22-4165. (Figure H-2)

.. Aggregate Test Report DOTD Form.No. 03-
122-0745. (Figure H-3) i
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- Note H-3: It is convenient, but not essential, to have a

" device may
-cylindricalsleeve slightly less than 6.0 inches

mechan/ca/ device - for - removing  the
compacted material from the mold. ‘Such a
consist of a closed,

in diameter or a piston of the same diameter,

‘actuated mechanically, hydraulically or by air

pressure.

Il Test Sample

A. Obtain a representative sample weighing a
minimum of 180 Ib (6 full sample sacks) of
material.

B. Dry entire sample in accordance with. DOTD TR

411, except for materials containing reclaimed
asphaltic

concrete. - (RAP), oils or other

" hydrocarbons. The maximum drying temperature
will be 140°F (60°C).

IV. Procedure

A. Preparation

1.

2.

Note H-4:

Set the crusher to produce a sample with
95% - 100% passing the 1 inch sieve.

Pass the entire dried sample through the
crusher

When passing the sample through -the
crusher, do not crush or reduce the size of
stone or gravel aggregate or trash such as
bottle caps, pavement markers, broken pieces
of culvert, steel, etc. - Remove these
materials prior to the crushing operation.
Discard these. materials retained on the 1
inch sieve. Do not remove or discard RAP or

‘treated soils prior to crushing.

Obtain a representative portion of material in
accordance with DOTD TR 108 (minimum
size in accordance with DOTD TR 113).
Record as Initial Dry Total Weight on the top
portion of the Aggregate Test Report.
Determine the  Atterberg Limits of  the
material in accordance with DOTD TR 428.
Determine the weight of the material retained
on the 1 inch, 3/4 inch, % inch, and No. 4
sieves, in accordance with DOTD TR 113 and
the weight retained on the No. 10, No. 40,
and. No. -200 sieves, in accordance with
DOTD TR 112 with the following exceptions
for the material passing the No. 4 sieve.
Record all data on the Aggregate Test Report.

~a. The test specimen will be 100 g.. : :
b. The test specimen will be soakedin a

Note H-5:

6.

beaker filled with dlsperslng agent for a
minimum of one hour. -

c. The test specimen will be dispersed withthe

mechanical stirrer for three minutes. Prior-

to dispersion, wash any material remaining

in the beaker into the dispersion cup with

distilled water and add additional distilled
_water to the dispersion cup until it is
- approximately two-thirds full.

“d. Pour the test specimen from the dispersion '

cup over a nest of sieves, containing the
No. 10, No. 40, and No. 200. Wash any
remaining particles out of the dispersion
cup over the sieve nest.

e. Place the material retained on each sieve in

a separate tared container, place in- an
oven, dry to a constant weight in
-accordance with DOTD . TR 403 at
110+£5°C (230£9°F) (maxi-mum 60°C
{140°F], if the material contains RAP, oils
or other hydrocarbons). Record each dry
weight separately as Weight Retained on
the Aggregate Test Report.

The values for percent retained, percent
passing and Atterberg Limits will be used in
lieu of classification in accordance with
DOTD TR 423 to identify similar materials
_ for moisture-density purposes

Mix the material prepared in . Steps IV. A 1-2
and separate into a minimum of five 15 lb
representative pomons

B. Testing

1.

Add a quantity of water, measured in mL, to
make the 15 |b representative portion to be
used for the first point slightly damp. Mix
thoroughly. Record the quantlty added as G
on the worksheet.

Note H-6: Check the mixture by squeezing the fine

portion in the palm of the hand. If the
mixture is the correct moisture content, it
will form. a cake which will- bear very
careful handling without breaking.

" Add and thoroughly mix a quantity of water,

measured in ml, to each remaining 15 Ib
representative portion to increase the moisture
content of each portion by 2% more than the
moisture content of the previous portion.. The
2% increment may be adjusted, if necessary.
(Refer to Step V.B.} - Record the quantity
added to each representatlve portion as G on

‘the worksheet




3. Cover the representative portions and profect
‘them so that the moisture content remains

- constant, then allow them to slake for a minimum

of 30 minutes.

Remix - the lndlvidual representativ_e portions,

protect them so that the moisture content remains

constant, then allow them to slake for minimum of ,

12 hours.

Compact the test specimens using an approved

rammer.

a.

[s M o]

If mold requires an attachable base plate,
attach base plate. - Weigh mold and base plate
and record as | on the worksheet.

. When using a mold without an attachable base

plate, place wax paper on base. Place mold
over wax paper and attach. Weigh mold and
base plate and record as | on the worksheet.

. Attach collar to mold.

. Uncover a representative portion and remix.

. Place a quantity of this material into the mold
in an even layer that will yield approximately -

1/3 the volume of the mold after compaction.
Recover the representative portion.

Use a pointed trowel to rearrange particles,
filling voids in the loose material without
compacting the material.

. Rest the rammer on top of the Iayer to be

compacted. Compact the layer using 28 blows
with the 10 |b rammer or 75 blows with the
5.5 Ib rammer.

. Note - height of compacted material. If

compacted layer is not 1/3 the height of the
mold, correct for any deviation by adjusting the
quantity of material used for the subsequent
layer.

Repeat Steps IV.B.5.d-h for two more layers

After the third layer has been compacted‘

remove the mold, base plate (if applicable), and
compacted specimen from the rammer and
place in a pan.

. Tap the collar with the straightedge to loosen

material bond and remove the collar from the

mold, without twisting or causing shear stress

to the molded specimen.

Note the height of the compacted test

specimen.

{1)- I the compacted material is more than
0.50 in. above the height of the mold - or
more than 0.25 in.. below the rim of the
mold, remove all material from the mold,

_remix it with the original representative
portion and repeat the test.

- DOTD TR 418-98
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(2) If the compacted material is above the top of
the mold, but not more than 0.5 in. above,
proceed as follows:

Keeping . the -mold, ‘base plate (if
‘applicable), and specimen in the pan,
trim the specimen even with the top of
the mold, using the steel straightedge.
Fill any depressions -with the fine,

- trimmed material, smoothing each area
with the straightedge after it is filled.
Do not attempt to replace aggregates

+that have been dislodged. o

~(3) If the compactéd material is below the top of
the mold, but less than 0.25 in. below,
proceed as follows:

(a) . Place the finishing tool on the
compacted surface and rotate it
while tapping very lightly to smooth
and level the surface. ' Do . not
impart additional compactlve effort

‘ to the specimen.

(b) - Determine - the height of the
specimen by measuring to the
nearest 0.001 in. at three locations
spaced - equally  around: ' the

. circumference, and averaging.

(c}  Calculate the volume of the

' specimen in accordance with Step
V.C.. and record as K on the
worksheet.

m. Brush material from all outside surfaces of

mold and exposed edges of base plate or wax
paper.

n.. Remove wax paper (if applicable), and brush fines
from wax paper onto top of test specimen. Take
care not to lose any fines from test specimen.

0. Weigh mold, base. plate (if applicable), and
compacted test specimen and record as H on the
worksheet. .

p. Remove the base plate (if applicable). Remove
test specimen from mold and determine moisture
content by breaking up and drying the entire test
specimen .in accordance with DOTD TR 403,
Method B. ,

q.' Repeat . Steps: IV.B.5.a-p for each 15 'Ib
representative - portion, cleaning the mold
between each test specimen. Continue repeating
the procedure until there is a substantial decrease

in the: wet weight of the compacted material or

the material becomes too wet to compact. .
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V. Calculations v e : -+ D. Calculate wet weight of compacted material in
' - o ’ R mold (J) for each point in accordance with the -
A. Calculate the initial dry total weight of sample, following formula and record on the worksheet.
the percent retained on the No. 10 and larger == = - - PR : '
sieves, and the percent passing each of these o U g=H-1
sieves in accordance with DOTD TR 113. < e e BT
‘Determine the percent retained and percent - “where: ' ‘
passing on the No. 40 and 200 sieves in - , . Lo
accordance with the applicable sections of DOTD : H = wt of mold, base plate (if uSed),’ and
" TR 407. Record in the appropriate location on ' compacted wet material

“the worksheet and the Aggregate Test Report. |

v wt of mold and base plate (if used)
- B. Calculate the quantity of water to be added to - .

~each representative portion (G,) in mL to yield a - example:

moisture content incremented by 2% above that ~ : : e - ‘
of the previous representative portlon by usnng g H = 25.35 ‘ o |
the following formula. ‘ ' 1 = 14.08 : :

G =G, +136 o e AT ‘

n n-1
J =25.35 - 14.08
where: e RS . »
: ' J = 11.27 S
Gp.1 = volume of water, mL, added to the ‘ ' o
previous representative portion S : ) : '
136 = a constant Tepresenting the Vo'ume - “E. 'Calculate wet Weight denSity (WWD) n |b/ft3 for
of water, mL, required for a two % each representative portion using the following ‘
moisture content for a 15.00 Ib formula and record on the worksheet. ' R
' representative portion - o : J
example: . ‘ T , e WWD‘= -
G, = 429 + 136 T | | | ' 2 -
- J = wet wt of compacted material, |b )
G = 585 K- = (1/10} a constant representing the
n : o ~ volume of the mold or the volume of |
Note H-7: . 1 g of water = 1 cc of water = 1 mL of ¢ S the 'specimen (if g)pllcable), as
water. - ‘ ‘ : ~calculated in Step C., ft
C. Calculate the volume of the test specimen (K} in ~ example: ‘
#2 in accordance with the following formula and |
record on the worksheet. ‘ J =11.271b o i
K = h x 0.01636 o K = 0.1 : : o |
where: ‘ o ' wwh - 11.27
h = avg. height of test specimen, in. e _D T 0.1
0.01636- = constant equal to the volume of a 6 in. '
“diameter mold, per in. of height, ft3 | WWD = 112.7
example: ‘ . ’ : , :
h =6.112 m .‘ F. Calculate the weight of water (WW) and the
K = 6.112 x 0.01636 ' ’ ~weight of dry material (DW), using the formulas
’ . N Lk - shown on the worksheet and record.
= 0.09999 ' o G. Calculate the moisture content (MC) in percent for

each representative portion as shown on the
_ Wworksheet and record. -

= 0.100




H Calculate the dry welght densnty (DWD) in lb/ft3 B

for "each - representative portlon using the
followmg formula.

~ __(______ WWD) 100
100 + (MC) o
wh‘ere:: |
WWD = wet wt dens.vlb/.fts
~MC = moisture content, %
examplé:
WWD = 112.7 Ib/ft®
'MC =63%
DWD = —1127 100
: - 100 + 6.3
_127 o0
106.3 .

= 1.06020 x 100
DWD = 106.0

. Begki'nning with the lowest moisture content, plot

a point on the Laboratory Compaction Report,
representing the intersection of a horizontal line

projected from the wet weight density and a

vertical line projected from the moisture content.

Contmue for ‘each moisture content until all
~ points for wet weight densities have been

plotted. Repeat the process for each moisture

. content, substituting dry weight densities for wet

weight densities.

J
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Form a smooth Ime usmg the engmeer s curve
- by connecting the plotted points to form two

‘curves, Wet Weight Density Vs. Moisture

Content and Dry Weight Density Vs. Moisture
Content. (Refer to the Laboratory Compaction

-Report.) -

" Note H-8: If after the results have been plotted,

there is not a minimum. of three points

on the dry side and two points on the

wet side of optimum, additional testing

- must be performed untif this minimum is

met. . If a smooth curve cannot be -

drawn,  additional testing may be
required. . : R

. Determine the Optimum Moisture Content (%),
~which is the moisture content corresponding to
‘the peak of the dry weight density curve.

Determine the maximum . dry weight density,

‘which is the weight corresponding to the peak

- of the Dry Weight Density Curve.

VI..

Report E

. Re‘port the Maximum Dry Weight Density and

Optimum Moisture Content on the Laboratory
Compaction Report and on the Aggregate Test
Report to the nearest 0.1 Ib/ft® and 0.1 percent
respectively.

Report the Gradation and Atterberg Limits on the

v Laboratory' Compaction Report and on the

Aggregate Test Report.

VII. Normal Test Reporting Time

‘Normal test reporting time is 3 days.
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LOUISIANA DEPARTMENT OF TRANSPORT.ATION AND DEVELOPMENT - DOTD 63-22—4198
English
LABORATORY MOISTURE - DENSITY RELATIONSHIP 4/98
DOTD TR 418 - Methods(A)& |
(English)
PROJECT NO. 999-99-0099 DATE: /&/t /97 LAB NO: £2-99929 9
¥ TYPE ADDITIVE: Tvpe soiL: Sdy.Loam¢ Asph.SAMPLE NO: _S=7
TESTED BY: _ALS, A, CHECKED BY: B.J.D.

*MAX. DRY DENSITY OF MATL. (FROM TR 418, METHOD H), b/f®

*REQUIRED % BY VOL. OF ADDITIVE { TR 432-B, _ TR 416, ___ specified)

*% WT. OF ADDITIVE { chart, formula)

DRY WT. OF MATERIAL {Representative portion), Ib

*WT. OF ADDITIVE TO BE ADDED, Ib E | (CxD)+ 100
*TOTAL DRY WT. OF MATERIAL AND ADDITIVE, Ib F D+E
*_FOR USE WITH DOTD TR 418, METHOD I ONLY
CURVE POINT NO. aes 1 2 3 4 5 6
WATER ADDED, mL 565 701 |237 1973
WT. MOLD, BASE (if appl.) & WET MATL., Ib : » . 25

WT. MOLD & BASE (if appiicable), ib {

WT. WET COMPACTED MATERIAL, ib J

VOLUME OF MOLD (or specimen), ft3 0./00

WT. OF PAN & DRY MATERIAL, Ib

[é.sjf 1. 77175 482 | /15 857
B.63

WT. OF PAN, Ib M 9, | 570 |55
WT. OF DRY MATERIAL, 1b bW L-M

[0.60 10,72 ZO% 10. 58 | /0.0
WT. OF WATER, Ib ww J - ow g4z lo.#s 1o Ly | 1ele
WET DENSITY, Ib/fe? WwD JiK

U7 11153 | 43206 111729 (2. L
MOISTURE CONTENT, % mc | twwow) x 100

* .38 | 726 lspo.0 |14 |82¢

DRY DENSITY, Ib/ft® ‘ DWD '3% * 10¢

104.9 1072 1/99. e o5 9 Vvoo.2

REMARKS:

Laboratory Moisture - Density Relationship Worksheet ( 03-22-4198)
Flgure H-1 (Engllsh)
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DOTD 03-22-4165

Metric / English
Rev, 3/98

Project No. §949-99-00A9 Station S.No. T LabNo. 2Z- 299999

LAB COMPACTION REPORT - DOTD TR418 METHOD M

COMPACTION REPORT
| GRAIN SIZE
%' Ret. 25.0 mm (1) - t : : :
% Ret. 19.0 mm (3/4) - - ; [ e ~
f % Ret. 12.5 mm (1/2) : : L WET DENSITY
; % Ret. 4.75 ym_ (4) ~ : ' T Tt
% Ret. 2.00 um (10) — e o e s e
124 % Ret. 425 pm (40) : ; s mnany s Aena s
|- . % Ret. 75 ym  (200) : . o ety T .
i % Siit - e e e
i J2Z }% Clay & Colloids ' : e e e s
% Pass 2.00 um (10} X : L e
Co % Pass 4.75 tm (40) ——— eor) £
120 % Pass 75 ym (200) ‘ ~ X ; =
T | % Sand (Tot. Material) =t — : ': =T ]
% Unadjusted Silt = X T = Enesvainaais IR
% Unadjusted Sand = : HEEE
IIB %- Unadjusted Clay . =~ ¥ : : : e
IATTERBERG LIMITS K : A= e e
Liquid Limit = . X : e =t
’IL Plastic Limit I ; X e 2ot Smaacant
Plasticity Index e e
ne Soil Group  A- z 2% et
Group index = ‘ N SRR e e
Classification =7 » = k == :lq:_..:_,. ,
‘ X = FE ]
, NZ | ppormive, % ‘ e sz
i MAX. DENS. %g/m® b/ft*_]10.0 E = SR
. OPT. MOISTURE, % lo.s E= , == : e Ee e
TEEe— =
,08 T - e = e e e e T > : : E 3
= e e =i
lob - - - e, o o e
== —— : : > ’I = e
104 e ’ e = e
e = = : S =
/02 = . =
/00 = . , e
THIS CURVE MAY BE USED E= ' : = == . ==
FOR SOILS REPRESENTED - = = T e It ﬁ
BY SAMPLES: ———— : : == S s
= = é:.
~ : o ST HHE
Z| DATE: S5//8

» MOIS;FURE CONTENT - PERCENT OF DRY WEIGHT
o 7 170 1z 713

Laboratory Compaction Report (03-22-4165)
n ' Flgure H- 2 (Engllsh) '
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MATT MENU SELECTION - 2 - Louisiana Department of Transportation and Development ' DOTD 03-22:0745
. AGGREGATE TEST REPORT g:vﬁysgﬂﬂ'bh
Project No. 9219119191 1ORITAY  material Code  KH2LLI  LapNo,  LotiR1-191919191919)
Date Sampled 215 1=1011 1-1917! Submitted By Q0K Quantty LUQIOION 1|
Purp Code 7 source Code 41019191 Spec Code WA PO.No. LI L 1.1 1
Date Tested ~ (ObS1=10101=19171 |gent  EUi=1Z1 | | | pjantcode LL-l_I I FrictRating |__J (1-4)
temNo. 3013 1 1 v 10 11 g Date Rec'd iab) Sampled By: _ D-8.
Remarks 1 leedomodoct 4 00 V0 0 o bbb ]
I OO Y N VOO ALY U RO SR Y NN SN JUS SO TR DN SOEN HOVSE SN M NN N S DT R A T |
Tested By _Al.SH. __ Date _s/e/oz Checked By _A L. £- Date 57/72/97
) DOTD TR 102, 112, 113 & 309 DOTD TR 423
Unit L 1=grams 2= pounds : liquid timit g3 Plastic Umit _ffw
Sieve Vass Retaned % % %1l BNo. of Blows s Mass Cup + WetSoig £udied
mm fn. ass Retained| Coarser |Passing || [l Mass Cup + Wet Sohg 4119y Mass Cup + Dry Sailg  £TT 1%
63 22 Lty Mass Cup + Dry Soilg  IS1®IE) MessWater  _ 3.7 -~
50 2 (IR I N | : Mass Water :z- é Cup No.
ars 112 : Factor ) D. 49 Mass Cup, ¢ I_.IQ_._'Q
: N T T T
CupNo. _ Mass Dry Soil ___dﬁ_-:Ao_
31.5 11/4 I T S T O Mass Cup, ¢ 1O % Mo 12.5%
“125.0 1 N N T O ] Mass Dry Sol NERS
19.0 3/4 I % Moisture éé-é Plasticity index / /
16.0 538 T R Absorption (T84 or T85) el 1O
125 12 11010101 1 1 ol o o Spec Grav SSD (T84 or T85) Y Y
B Spec Grav APP (TR 300) O
95 e e . Effactive Spec Grav (TR 300 _1®y 5
475 No.4 M_ZI_mau} L 330 | 33.0 |67 Opt Moist Content, %(TR 418) WAYIX IE-I
IMass Mattin Pan | 171011201 1 K703 | = 0. Maximum Density (TR 418) kg/m® (ib/ft®) .\ 131/ 10 e
Hlace: Total 7 _ o Lab Comp Methed (TR 418)
I1SP.50 - Cement, % (TR 432 or SPECIFIED) LLe )
[lnitiat OryTotaiMass (L | | 1 1 | | |‘5 Dift: Lime, % (TR 416 or SPECIFIED) —ld
Uni - Other (Additive) Code __1 ¢ % 1. 19 1
2 %— Lt 1= orams 2= pounds = % T Clay Lumps, % (TR 119) L1t
eve . fo 3 N .
mm No. Mass Retained Friable Particles, % (TR 119 let
e Retained] Coarser 9 Clay Lumps & Friable Particles %(TR119) 181
2.36 8 Ll L Flat or Elongated Part, %(TR 119 it @
200 10 L2 1701 1 1 13.2 | 4e.2 | a4 Coal & Lignite, % (TR 119) ' N Y
118 16 L Glassy Particles, % (YR 119) T T X W
- Iron Qre, % (TR 119} Lo
600 30 L s = B Wood, % (TR 119} LA
425 40 ATl 121011 ) 18-/ 64-.3 36 Total {Clay Lumps, Fri.Part.,lron Ore, :
200 50 (BRI N | . Coal & Lignite, Wood), %(TR 119) (WX
P 20 Foreign Matter, % (TR 109} R T N S
! B e Clam Shell, % (TR 1101 1
150 100 S o O T Soundness, % Loss (T 104) i le)
75 200 éﬁﬁ-_l_zm_x__l loe S| 0. 79 Abrasion, % Loss (T 96) . : el L @)
53 270 : Colorimetric Test (1 =Pass, 2 =Fail) (T 21) [
bl Asphait Content, % (TR 307) 1%
[{Mass Matl.in Pan | [ (EALRE. T/, Retained Asphalt Coating, % (TR 317) (S
- Ibecant Loss o S Percent Crushed (TR 306} T
- Retained Marshall Stability (TR 313) |- —
frcc. Total Resistivity (TR 429) Ll
J{initial Dry Total Mass 10,04 | %D A 10 pH (TR 430) Ll _1®
IID'yM After Wash T Organic.Content, % (TR 413) L—Lle)
Y T O Y 0 T | .
ass Aner Was Sand Equivalent (TR 120} Ll
Remarks 2: N _
[‘&|£ lA]!lo |5lD[!]o |E|Qﬁlm1 ¥ A
[]
A Ajw Ri= Approved By: Date:
N T S N OO TN VU O OO A A OO MO S T R A |

Aggregate Test Report (03-22-0745)
Figure H-3 (English)
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_ I Scope

This method of test is designed to determine the
optimum ' moisture .content and: the maximum dry
weight density of recycled in-place matérial, to be
cement stabilized or  treated, or lime treated or

conditioned, when compacted  in the ‘laboratory in
accordance with this procedure. This method of test is

specifically designed for existing materials containing
~asphaltic materials, hydraulic cement, lime, or other
stabilizers or surfacings which are to be used as soil or
soil-aggregate mixtures.

Note I-1:" It is permissible to determine moisture-
density “relationships of field conditioned
material in accordance with the applicable
method of DOTD TR 415. For - field

. conditioned - material which requires. the
addition of additives, TR 415 Method B can
be used in- the laboratory to determine
moisture-density relationships of the material
and addjtive combination only if the required
amount of additive is known; however, for
field conditioned material brought into the
laboratory for the purpose of determining the
required amount of additive, it is not
permissible to use Method B of TR 415.

ll. Apparatus

A. Same as DOTD TR 418, Method H.
B. ‘Cement or lime.

Note I-2: Cement shall meet DOTD‘spebciﬁcations for
Type IB. For Type IB cement, a unit weight
of 94 Ib/ft® shall be used.

When Type Il or Type IP cement is used on
the project, it shall be used in lieu of Type IB
to determine the report values for this
method of test. Type Il and Type IP cement
shall meet DOTD specifications.  For Type IP
cement, a unit weight of 90 Ib/ft shall be
used. For Type Il cement, a unit weight of
94 Ib/ft® shall be used.

Lime shall meet DOTD specifications for
hydrated lime. . A unit weight of 35 Ib/ft°
shall be used.

.C. Personal protective equipment
~1, Respirator. :
2. "Gloves.

3. Apron.
4. Goggles.’ : o ‘ :
D. Laboratory Moisture - Density ~Worksheet,
Methods H & | - DOTD From No. 03-22-4198.
(Figure I-1)
E. Additive Conversion Chart. (Figure 1-2)
F. Laboratory Compaction Report - DOTD Form No.
03-22-4165. (Figure 1-3) ‘
.G. . Aggregate Test Report - DOTD Form No. 03-22-
0745. {Figure 1-4)

‘Ill. Tést Sample

' Same as DOTD TR 418, Method H.

- IV. Health Precautions

Care must be taken not to allow cement or lime to
contact skin or to inhale its reaction fumes.

V. Procedure

A. Preparation

1. Determine the maximum dry weight density of
the recycled material in accordance with
Method H. Record as A on the worksheet.

2. Determine the percent by volume of cement in

‘ accordance with DOTD TR 432 or the percent
of lime in accordance with DOTD TR 416 or
use the percent specified. ‘Record as B on the
worksheet. ‘

3. Convert percent by volume. to percent by
weight and record. as C on the worksheet.
{Refer to Step VLA or B for weight-volume

" conversion calculations).

4. Obtain a minimum of five 15 Ib representative
portions using the material prepared in
accordance with Method H.

B. Testing

1. Add a sufficient quantity of water to make
each 15 Ib representative portion slightly
damp. Mix thoroughiy.

Note I-3: Check the mixture by squeezing the fine
: portion in the palm of the hand. If the mixture
_is the correct moisture content, it will form a
cake which will bear very .careful handl/ng

wn‘hout breaking.

2. Protect the representatlve portions so that
the moisture content remains constant and‘allow
- them to soak for a minimum of.12 hours SRRRE
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3.

Calculate the weight of additive to be added
t0.each representative portion in accordance
with Step VL.C. and record as E on the
worksheet. Add this quantity of addmve to
each representative portion.

Add additional water, measured .in mL, to
bring the 15 Ib representative portion to be
used for the first point back to the slightly
damp condition described in Note /-3. Mix

thoroughly. Record the quantity added as G .

on the worksheet.
Add and thoroughly mix a quantity of water,

measured in .mL, to each remaining 15 Ib

representative - portion to .increase  the

moisture content of each .representative

portion by 2%  more than the moisture
content of the previous portion. (Refer to

Step VI.D.). The 2% increment may be

adjusted, if necessary. -Record the quantity

of water added to each representative portion
as G on the worksheet. ‘

Cover the representative portions to which

water and additive have been added and

allow them to stand for a minimum of 30

min.

Remix the individual representatlve portlons,

cover and protect them so that the moisture

content remains constant, then allow them to
slake as follows.

a. Recycled material mixed with cement:
The combined standing and slaking time
{beginning with Step V.B.6.), plus the
compaction time in the laboratory shall
approximate the moist mixing time, plus
the compaction time in the field, but is
not to exceed 90 min.

b. Recycled material mixed with lime: The
combined standing and slaking time
{beginning with Step V.B.6.) plus
compaction time in the laboratory shall
approximate the moist mixing time and
mellowing time in the field, but shall not
be less than 15 hours.

¢. When recycled material is lime

conditioned prior to cement treatment or

stabilization, mix the recycled material
‘with- the lime and allow it to slake in
accordance with Step.V.B.7.b. Then,
add - the required percent cement

(determined in accordance with Step

VLA or B) to the lime mixture and allow

the lime mixture to slake in accordance -

‘ w;th Step Vv B 7.a.

vi.

" Note I-4:

When ddring a prbject, the recycléd material

has been lime treated or conditioned in

~accordance with Section -~ 304 of. the

specifications prior to sampling for cement

_treatment or stabilization, it shall be slaked in

accordance with Step V.B.7.a.

Compact. the test specimen in- accordance

with Method H, Step IV.B.5.

- Calculations

Determine percent of additive by weight by uSing ,
the Additive Conversion Chart. This chart may be
used for Type IB portland cement and lime.

1.

o o

Enter the chart on the left scale. Reading
vertically, - place a point at the appropriate
maximum dry weight density of the soil-
aggregate mixture obtained in Step V.A.1.

Reenter the chart on the right scale.. Reading

-vertically, place a point at the design percent

by volume of additive. ‘

Draw a  straight line across the chart
connecting the two points plotted in Steps 1
and 2.

'Read the percent by weight directly from the

additive scale on the chart at the point where
the line drawn in Step 3 intersects the scale
for the additive being used.

Record this value as C on the worksheet.
Example: (Figure I-3)

"a. Type IB Cement -

110 Ib/ft®
8% Type 1B cement by volume

D
v

(1) Follow the left scale to the point
represented by 110 Ib/ft3. ‘

(2) Follow the right scale to the point
represented by 8% by volume.

(3) Draw a straight line across the
scale, connecting the two points.

(4) The percent cement by weight, read

, ~ directly from the middle scale, is

7.3%.
b, Lime
D =107 Ib/ft
V. = 6% hydrated lime, by volume

(1) Follow the left scale. to3 the point
-represented by 107 Ib/ft”.



(2) Follow the rigﬁtkscale to the point.

represented by 6% by volume.
(3) Draw a straight: line across the
- scale, connecting the two points.

(4) The percent lime by weight, read »
directly from the mlddle scale, is

2.0%.
‘B. In lieu of the charts or if values are not covered

by the charts, determine the percent by welght"

of additive (C) using the following formula.
(UB/100) % 100

C =
A - (UB/100)
" C = -————1_____ ;
- (A/UB) - 0.01
where
A = maximum dry wt density of the
‘ soil-aggregate, Ib/ft3
B . = ' % by volume of addltlve
U = unit wt of addltlve Ib/ft3
100 = constant
0.01 = - constant

1. Example: (Type /P Cement)

A = 130 bt

B = 8%

U = 90Ib/itd
o

" 130/90 x 8) - 0.01

1
(0.1805) - 0.01
= ' 1
0.1705

C =59

Note I-5:  To achieve required accuracy after rounding,
carry to four decimal places, as shown.

2. Example: (Lime)

A = 130 ib/ftd
B = 6%
U = 50 Ib/fts
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C = — LI
~(130/50 x 6) - 0.01

B 1
~ (0.4333) - 0.01

1
"~ 0.4233

C =24

Calculate the weight of additive (E) in Ib to be
incorporated into the representative portion of soil
using the followmg formula and record as E on the
worksheet.

where:

C =% by wt of addmve (from chart or
formula)
D = dry wt. of representative portion, Ib
100 = constant

example:
C=73%
D =15 1b
E = 7.3 %X 15
100
= 1,095
E =110

Calculate the quantity of water to be added to each
representative portion (G,), in mL to vield a
moisture content incremented by 2 percent above
that of the previous representative portion by using
the following formula.

G,=6,, +(9.072 x F)




DOTD TR 418-98

Rev. 8/98
Page 68 of 72
Method |
English- -
where:
Gp.1 = volume of water added to the
previous representative portion, mL
F . = total wt of material and additive, |b
9.072 =" a constant representing a conversion -
factor from b to mL for a 2%
increment of moisture
- example:

G,i = 551 mL
F = 16.101b

G_ = 551 + (9.072 x 16.10)

n

= 551 + 146.05
G, = 697
Note I-6: 1 g of water = .1 cc of water = 1 mL of
water.

E. Perform all calculation. steps for the recybled
material in accordance with Method H, Step V. C-L.

Note I-7:

: Vll Report

A. Report the MaXImum Dry Welght Densuty and
Optimum Moisture Content on the Laboratory
ACompactlon Report and on the Aggregate Test
Report to the nearest O. 1 Ib/ft® and 0.1 percent,
respectlvely

-B. .Report the Gradatnon and Atterberg Limits on the

~Laboratory - Compaction  Report . and on the
_Aggregate Test Report .

C.. Report the Type and Percent by Volume of Additive
to the .nearest ‘percent on the Laboratory
Compaction Report and on the Aggregate Test
Report

Viil. Normal Test Reporting Time .

Normal test reporting time is 6 days. =

- When percent. cement must be determined by |
DOTD TR 432, Method B or the percent lime
by DOTD TR 416, normal test reporting time
will be 3 weeks or 2 weeks, respectively.
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LOUISIANA DEPARTMENT OF TRANSPORTATION AND DEVELOPMENT DOTD 03-22-4198
English
LABORATORY MOISTURE - DENSITY RELATIONSHIP 4/98
DOTD TR 418 - Methods H &(1)
(English)
~ PROJECT No. 999- 99-0099 paTe; _5/16/97 LAB NO: %:2-9929929
*TYPE ADDITIVE: @,&_LB_CE@[J‘_ T soiL: Sdy. Loam éfspnsampLe no: _S~7
TesTep BY: N.S. H. CHECKED BY: _3.03.D.
* MAX. DRY DENSITY OF MATL. (FROM TR 418, METHOD HJ, Ib/ft? A 0.
*REQUIRED % BY VOL. OF ADDITIVE ( ___ TR432-B, ___ TR 416, ___ specified) | B
* % WT. OF ADDITIVE { ___ chart, ____ formuta) c 7.
DRY WT. OF MATERIAL (Representative portion}, Ib D 295.0
*WT. OF ADDITIVE TO BE ADDED, Ib E | (CxD}+ 100 1.0
*TOTAL DRY WT. OF MATERIAL AND ADDITIVE, ib F D+E 16. /0
* FOR USE WITH DOTD TR 418, METHOD 1 ONLY
CURVE POINT NO. e 1 2 3 4 5 6
WATER ADDED, mL G See Calculations g z Z g gg g 2 gg !; g ;
w
WT. MOLD, BASE (if appl.} & WET MATL.. 16 | H
WT. MOLD & BASE (if applicable), b {
" appflcadle 14 08 o2 | 1<tiop| 1 og |\ 1t op
WT. WET COMPACTED MATERIAL, Ib J H-l
2 ) 1-99 141837 ra.c5 42520,
VOLUME OF MOLD (or specimen), ft* K O : o g )
WT. OF PAN & DRY MATERIAL, Ib L
23 1/6.52 /6.9 | 16, /4 1. 22
WT. OF PAN, Ib M
&5 Sopl S0 | 5253
WT. OF DRY MATERIAL, b oW L-M
L0056 | 10-PP 111,10 | 17.04 | 10 25
WT.OFWATER,lb_ﬁ ww J - DW 225 | 1.4/ 1272 | 15y | 1e7
WET DENSITY, ib/ft3 WWD JIK
1.2 | 119-9 Z N /(255 |/ 2,
MOISTURE CONTENT, % MC | (Ww/iowW) x 100
. : * Fet 102 1.4 1132 |sared
DRY DENSITY, Ib/fe® DWD ?”ﬂ“"‘_c = 10¢
5. @ (K28 /1.0 1104 |/og. 4
REMARKS:

Laboratory Moisture - Density Relationship Worksheet (03- 22 41 98)
Flgure I-1 (Engllsh)
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&t | o © ADDITIVE ADDITIVE
CMAXIMUM - ' PERCENT ~ ~ PERCENT
DRY WEIGHT DENSITY . BY WElGHT - BY VOLUME
{Ilbs per cu ft) ' ? ‘ . 18 ‘
_ 95 20 I
E 19 :
3 8 18 e
100 :;’ 1s
3 s F'° 14
= 1+
f-108 7.3% Cement Additive 3 ,
- by Weight :
N 12
. ._\"'o\ R _ N
- \\\
E ~ 10
- "s \ .
. \ ~.
3 9
E 120 AN v |
F N ks
E 128
3 2.0% Lime Additi ’
. me 1Itive
120 : by Weight
. N
138 [}
4
140 -
S
145 ,
, : 3
Note: This chart is not suitable for use
when Type IP Port/and—PozzoIan '
Cement is being used. 4
ADDITIVE CONVERSION CHART
RELATION I’N PERCENT BY WEIGHT OF OVEN-DRY SOIL, SOIL AGGREGATE, OR
/AGGREGATE TO DESIGN PERCENT BY VOLUME

. Addltwe Converslon Chart
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DOTD 03-22-4165
LAB COMPACTION REPORT - DOTD TR 418 METHOD - Metric / English
- Rev. 3/98
Project No399-99-009Ystation _S:No. 7 Labno. 22-999999
COMPACTION REPORT : ==t —F— = : =
| GRAIN SIZE — : — : =
% Ret. 25.0 mm (1) y : = n c
% Ret. 19.0 mm {3/4) ' ' : e T
% Ret. 12,5 mm (1/2) - ‘ b WET DENSITY ,
% Ret. 4.75 ym (4) : : - S : ==ean THERE
128 | % Ret. 2.00 ym {10) = e
% Ret. 425 um (40) T e
% Ret. 75 4m {200} : = Semsas e e :
% Silt : ' e e
/26 |4 Clay & Colloids = S
% Pass 2.00 gm (10) = 7 SesiiiE
% Pass 4.75 um (40) : : = : : e onmamca
% Pass 78 um (200) - == :
/24 % Sand {Tot. Material) = = R
% Unadjusted Silt : = o ras
% Unadjusted Sand - ¥
! ZZ % Unadjusted Clay — 7 : — - T e = v
Liquid Limit . " ; : EE " 2 A
720 |ptastic Limit : > e : 2
_ [|Plasticity Index - Tt S s oA T
Soil Group  A- = —— ——— e asem i
/ /8 Group Index - : = : x
Classification Cgaf S74 8. > ]
7 ASPacT B =T :
/)& | aoomive, % 3 2 =
MAX. DENS. kg/m® (Ib/tt*]__//Z,Z SR
OPT. MOISTURE, % /2.1 Pt
II¢ e e e Tt %
172 e e e e
1/0 . —— _ . ; , - o = =
/08 = : ,
/06
e
s e wa
/M : : T e 1 u
‘ == : : : __DRYDENSITY
/02 S S ‘ == =
THIS CURVE MAY BE USED : === T
FOR SOILS REPRESENTED ' ‘ ‘ T
BY SAMPLES: — : : : T = = = :
E— == = ‘ DATE: 5 //9/95
MOISTURE CONTENT - PERCENT OF DRY WEIGHT
6 s 1z 13 M4 IS /%

Laboratory Compactlon Report (03 22 41 65)
: Flgure l 3 (Engllsh)
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MATT MENU SELECTION -2 Louisiana Department of Transportation and Development DOTD 03-22-0745
AGGREGATE TEST REPORT m%nslﬁh
Project No. 49 QIQI - qlql- |0|0|9!91 Material Code Lab No. wﬁﬁ]
Date Sampled 2451101/ 1~1917] Submitted By 121-@2!55 Quantty LU0l
Purp Code LZI  source Code 141019191 Spec Code WA PO.No. L.l ) L]
Date Tested ~ L2UT1=10101=1917f gent S1=4Z1 | | | plantcode Ll L L | FrictRating _J (1-4)
Item No. 003 v Date Rec'd ¢ab) 5/2/27 Sampled By: _ M. A,
Remarks 4 b—dol 1 14} 48 bbb 1) e [ TN T O D |
RS NS NS N RO o A NN N RN SANN SRS OO NSV SRS DU NN NN AN SN R T R |
‘TestedBy ___Al. f. Date _5//6/97 _ Checkedby /L. K. Date 5°/,7/97
DOTD TR 102, 112, 113 & 309 ‘ DOTD TR 428
Unit X 1=grams 2= pounds Uquid Umit _c2.3 Plastic Limit __L___
Sieve Retained % % % No. of Blows [ Mass Cup + Wet Soil,g L1 191 |
mm n. Retained| Coarser |Passing || iMass Cup + WetSol.g (1 1®1 | Mass Cup + Ory Soilg (L 191 1
63 2172 O N O O O T 1 | Mass Cup + Dry Soil,g  L_1_191 | Mass Water
50 2 1 (IR ] Mass Water Cup No.
Factor . Maas Cup, g LL 1%
] Ll g L1y R -
373 112 Cup No. Mass Ory Soil
31.5 114 N O O Y Mass Cup, g L1 {®t 5 % Mok
25.0 1 R T O Mass Ory Soil —— " 17
19.0 34 (I I O T B % Moisture . Plasticity index /7
16.0 5/8 U T N Y e Absorption (T34 or T85) [ XX |
12.5 7] 01 10101 1 & 0 O 100 Spec Grav SSD (T84 or T85) et 1
o5 Y - Spec Grav APP (TR 300) —t®
3 Effective Spec Grav (TR 300) el ®1 1
475 No.4 | 21797101 i |[23.0]33.0 Opt Moist Content, %(TR 418) L/
iMass Matiin Pan | 1717101018101 {47.03)5. ¢ Maximum Density (TR 418) kg/m® (Ib/tt?) L1/ 121 e 1
i . o Lab Comp Method (TR 418) R =
frce. Total {s0. 50 ' Cement, % (TR 432 or SPECIFIED) —afi e
fintiai Ory TotaiMass |t _\ 1 1 t 1 | I% Oifr: Lime, % (TR 418 or SPECIFIED) —t
Other (Additive} Code _t 1 i % L1 1® |
Unitgm:_, 1% grams 2= pounds - - - Clay Lumps, % (TR 119) T YR
mmvpm - No. Mass Retained 2 . Friable Particles, % (TR 119) Liel |
Retained) Coarser | Passing Clay Lumps & Friable Particles %(TR119) |__i@1 |
2.36 8 I Y T Y S Flat or Elongated Part, %(TR 119) il 19
200 10 W7o 1) [13.2 | 4.2 | 5% Coal & Lignite, % (TR 119) ' ey i
118 16 Lty [ Glassy Particles, % (TR 119) el _1®
Iron Ore, % (TR 119) L 1@
0 30 ey T Wood, % (VR 119) L1®
425 40 ST 12101 1} 12:1 1643 | 36 Total (Clay Lumps, Fri.Part.,lron Ore,
300 50 I O T O I O | Coal & Lignite, Wood), %(TR 119) 19y
180 20 I Foreign Matter, % (TR 109) [
Clam Shell, % (TR 110 ) S N
150 100 S S Y Soundness, % Loss (T 104) —_l e
75 200 éL’ﬁo_LZLQ;_]_, 165 | 80-8 | 19 Abrasion, % Loss (T 96) Ll 1® .
53 270 i L1 Colorimetric Test {1 «Pass, 2 =Fail} (T 21) Ll
Asphalt Content, % (TR 307) el 1@ |
[Mass Matiin Pan | &1 18101 1 , Retained Asphait Coating, % (TR317) (IR
lent Loss . DEN : Percent Crushed (TR 306} [ I T N |
Retained Marshall Stability (TR 313) [N
e Total 12030 Resistivity (TR 429) [ K RO S T |
linitial Dry Total Mass 010 fﬁal ) %0t r, 10 pH (TR 430) e
IIE’V Mass After Wash ) Organic qontent, % (TR 413) Ll )
— Sand Equivalent (TR 120 | W
" Ramarks. 2;
CIEMENIT! (ST 1Bl 181RAWY 1o |
o) MDA )1 1y Approved By: Date:
U ST T Y S N O A N Y O S O R T |

Aggregate Test Report (03-22-0745)
. Figure I-4 (English) ol






